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W/ 2 you can use TI-NAMEL with a thinner 
coat without sacrificing whiteness—that’s 


profit-making news to you! This means less chipping 


in manufacture, in transit, and in use. It slashes 
shipping costs by permitting the use of lighter crates 
and reduces transit damage claims. 


But that’s not all. Users report considerable sav- 
ings in the plant—savings in processing time, as 
well as savings in labor, frit and weight of steel. 
TI-NAMEL will not craze or fishscale. It will not 
blister or reboil. 


TI-NAMEL has all of the production advantages 
of deep drawing sheets, plus remarkably high sag 
resistance. To find out if TI-NAMEL can help you 
turn out better porcelain enamel products at lower 
cost—write Inland Steel. 


Finish coat is applied directly to 
TI-NAMEL. Only one cover coat needed 


Less Chipping With Ti-Nemel 


sili Lael 50% 


Thinner coats mean less chipping and, 
therefore, less rejects of finished parts. 
One fabricator reports 50% less chip- 
ping. 
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TI-NAMEL gives you the same de- 
gree of whiteness and opacity with 
H less material and labor. 


Resistance. 
TI-NAMEL won't 
warp even 
under high tem- 
peratures.Lighter 
gage sheets 
can be used 
safely, allowing 
worthwhile 
production 
economies. 











TI-NAMEL has drawing qualities equal 
to deep drawing cold rolled sheets 


INLAND TI-NAMEL® Titanium-Bearing Killed Steel Enameling Sheets 
INLAND STEEL COMPANY, Dept. MM20, 38 So. Dearborn St., Chicago 3, Illinois 


Sales Offices: 


Chicago, Davenport, Detroit, indianapolis, Kansas City, Milwaukee, New York, St. Louis, St. P oul 
OTHER PRODUCTS: BARS + SHEETS + STRIP «© STRUCTURALS © PLATES « TIN PLATE 


© FLOOR PLATE ¢ PILING © REINFORCING BARS 


© RAILS © TRACK ACCESSORIES 
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The Materials Outlook 


Industry right now is working at its 
best rate Since last Spring. .. . Order 
books are well-filled, thus assuring 
igh-level operations for some months 

0 come. « « « Strike-reduced steel in- 
entories are building up. .. . But the 
atching-up period evidently will extend 
nto the Spring. . . . The high degree of 
onfidence in regard to business activity 
hat is shown almost universally augers 
ell for the new year. 


Now that the figures are in, it is 
bpparent that the steel industry didn't 
ave too bad a year in '49 even with the 
‘trike. -« »« e« Preliminary data show fur- 
haces operated at an average of 81% of 
apacity for the year. .. . With current 
broduction crowding the top of the scale 
ind no appreciable let-up in demand, the 
uutlook is far from the grim picture 
bortrayed last fall. .. . Recent increases 
n finished steel prices engendered by 
Zhe termination of the strike have failed 
Zo halt demand from major consuming 
proupS. . e« »« Detroit, for instance, is 
scheduling an even higher output of 
tutomobiles for the opening months of 
50 than were produced during the same 
beriod last year. .. . And construction 
ontract awards, in a measure indicative 
f steel demand, have continued unseason- 
bly high. . . . But many steel users are 
itting snags in adjusting their own 
osts to the new steel prices; their 
bility to absorb the increases and pro- 
ect the customer being lessened dras- 
ically by already-high costs in their 
wn backyards. 

































In passing, it is of interest to note 
hat the 2,000,000 automebile bodies 
ullt by Fisher Body Div. of G.M. last 
ear used 1,160,000 net tons of steel... 
rough to form the structural steel 
ramework for 19 Empire State Buildings 
L *is 08 build 14 ocean liners like the 
ueen Mary. - « e And in area, the 
statisticians continue, the 1,500,000,000 
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sq. ft. of sheet steel used was enough 
to provide a steel curtain 26 ft. high 
around the borders and general coast lines 
of the United States. ... Even the 
Russian "“curtain-builders" could take 
lessons from that! 


Copper continues to ride the crest of 
a small wave all its own... the usual 
merry-go-round pattern of supply and 
demand is nowhere more apparent than in 
this red metal. . . . With supply tight, 
demand rises; as overall demand increases, 
more and more consumers want to be sure 
of getting their share; demand goes even 
higher and relative supply grows smaller. 
- « « Reasons underlying the copper 
boomlet are far-reaching; some go back 
several years. .. . Public utilities, 
other electric power systems, electric 
transportation lines, and the telephone 
and telegraph industries still have much 
to do to catch up from their construction 
holiday during the war years. .. . This, 
in addition to the normal growth of such 
enterprises, accounts for a big percentage 
of the copper demand. .. . Again, the 
building industry, residential and com- 
mercial, with its virtually insatiable 
appetite for electric wire and cable, 
brass, bronze, and copper parts and 
fittings shows no signs of slowing down 
for months to come. .. . SO copper runs 
along, with nothing in view at this time 
to disrupt the course on which it is 
currently embarked. 














Giving the statisticians one more time 
at bat, 150,000,000 ft. of copper wire for 
electrical circuits were used within G.M. 
cars last year... enough to girdle the 
world at the equator... and still 
another reason why the copper market is 
tight. 


(Continued on page 4) 
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The measurement of wear on metal sur- 
faces down to 0.00005 in. has been accom- 
plished on a machine developed by the 
Naval Engineering Experiment Station at 
Annapolis, Md. ... Tests have been 
confined to chromium-plated diesel 
cylinder liner surfaces. .. . New device 
uses only small strip specimens rather 
than complete actual cylinders, as in 
present costly methods. .. . Abrasives 
can be adjusted to wear out liner ina 
few minutes, where desired. 














Popularity of nickel alloys is climb- 
ing. . . « High nickel-chromium-iron 
combinations are finding many new fields 
of use in both cast and wrought form. ... 
These alloys essential in ambient tem- 
perature applications requiring corrosion 
resistance and heat resistant properties, 
particularly in heat treating, petroleum, 
chemical and ceramic industries... . 
The 3 to 5% nickel brasses and bronzes are 
gaining wide acceptance in castings for 
constructional, pressure or bearing 
applications, primarily because of their 
improved strength and wear resistance. 

- - - Current television boom is contribut- 
ing in part to nickel's continued rise. 

- « « Case in point: increasing amounts of 
nickel and its alloys are being used in 
various parts of transmitting and receiv- 
ing equipment. .. . Pure nickel used 

for cathodes in camera and picture tubes 
plus transmitting vacuum tubes .. . also 
in cable network amplifiers linking 
studios and transmitters. 











Rubber as an engineering material has 
made great strides in the past quarter- 
century. . . »« Nowhere is this more 
apparent than in the family car. .. . In 
1925, the average auto contained about 
3 i. of rubber, exclusive of tires and 
tubes. ... Today, between 70 and 100 lb. 
of rubber, exclusive of tires and tubes, 
contribute to motoring safety, cushion- 
ing, noise reduction, vibration dampen- 
ing, and insulation from heat, cold and 
rain. ... Conventional rubber automotive 
parts include weatherstrip, floor mats, 
dust seals, pedal pads, arm rests, wiper 














blades, body shims, motor mounts, belts, 
hose, battery boxes, lamp gaskets, air. 
foam cushions, ad infinitum. .. . (Con. 
sidering the advances made over the past 
25 years, the 1975 models should be Litt] 
short of amazing. ... But what about 
the prices? 





The long-heralded titanium sweepstake 
is slowly getting underway. .. . Latest 
entry is the odds-on favorite Titanium 
Metals Corp., formed by Allegheny Ludlw 
and National Lead. . . . Under new cor- fe!) 





porative agreement, A-L will produce Ep 
titanium forgings, bar, sheet, strip a MA 
wire, using substantially same rolling INC 
and annealing equipment it now uses to F 


make stainless steel. .. . National Leg 
will supply titanium sponge ingots fra + 
its TiO mines in New York State and in ‘ 
Norway. . . - No price has been set on th 
finished metal as yet because producti 
costs aren't fully known. .. . But 

500-lb. ingots will be cast soon... 
and the race will be on. one 


In the midst of a slackening demand fo 
some major metals, the continuing upswing °” 





of tin mill products is encouraging ...my>" 
and it is expected to hold through the ila 
first three quarters of this year. .. —yySu 


Admittedly, exports are down from 1949 thr 
forecasts because of circumstances arisqiy dis 
ing from currency devaluations, but loc 
foreign demand should still hold its omm™™ ;,, 
- - « Rising interest is reported over off 
Kaiser Corp. plans to add a $25 million 
cold-rolled sheet and tin plate mill t) 
its existing Fontana, Calif. installa- BR‘ 
tion. . . . This bears out galley-goss!) 
that Kaiser interests have for some tile 
been considering the possibility of enteé? 
ing the tin plate business. . . . If thisjjpan 
plan is consummated, the Fontana plant tion 
would have considerable edge on Eastern 
mills shipping to the Southern Californil 
area. . . . But the Columbia Steel pla'iy, 
near San Francisco would still have 4 
freight advantage on shipments to the 
Northwest. . . . Right now, California 
tin plate output is only about half the 
Pacific Coast requirements. .. . So % 
facilities are needed, and quick. 
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Teepe MARE 


These are the words of Albert D. 
Eplett, chief research engineer of 
MANNING, MAXWELL & MOORE, 
Inc., Bridgeport, Conn. 

As a result of controlled laboratory 
tests made under his direction over 
a period of years, “’S’’ Monel* is now 
standard material for guide sections 
in four types of Consolidated Safety 
Valves. 


Here Mr. Eplett tells you about 
one of the actual tests: 


“We carried out our anti-galling 
tests,” he says, “by building a small 
valve identical to the larger ones 
ordinarily used. We devised a cam- 
operated mechanism that would 
give us lifting characteristics sim- 
ilar to those that occur with steam. 
Superheated air was carried in 
through the nozzle and up over the 
disc and guide portions, where we 
located thermocouples. When gall- 
ing occurred, a cut-out device shut 
off the operating mechanism. 


“By this method, we have tested 
a great number of valve trim ma- 
terials, including the so-called super 
alloys. And we discovered that ‘’S’’ 
Monel consistently showed better 


}anti-galling properties in combina- 


tions with other metals and against 


itself than any of the other metals 
we have tested — excluding, of 
course, hard facing alloys, which 
are not as economical to use.” 


“S” Monel, in addition to its non- 
galling characteristics, has the well- 
known properties and advantages 
of all INcO Nickel Alloys. It is 
strong ...tough... fatigue resistant 
...¢orrosion resistant. It simplifies 
fabrication and offers economies in 
valve trim for high temperature 
service; it is an outstandingly effi- 
cient material for heat-treated en- 
gine castings, hot air scoops, fuel 
line fittings, pump liners, fuel and 
oil tank flanges, wing hooks, etc. 


DO THIS —-NOW 


Get more information about extra- 
hard heat-resistant “S” Monel and 
other specialized valve materials. 
Write to R. F. Johnson, c/o The 
International Nickel Company, and 
ask him to send you INCO’s valuable 
booklet, Trimming Valve Costs with 
Lasting Trim. It tells you how to 
make valves last longer, whether 
they handle live steam, hot chemi- 
cals, compressed air or corrosive 
cooling water. Send today for your 
free copy. A post card will do. 


*Reg. U.S. Pat. Off. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


5 97 Wall Street, New York 5, N. Y. 
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SELECTED because of its 
superior hardness at high 
temperatures and its anti- 
galling properties, ‘‘S*’ 


Monel is now standard material for guiding sec- 
tions (arrows) in this Manning, Maxwell & Moore 
Consolidated Safety Valve.. Used in the hardened 
state, the **S'’ Monel parts cast at Inco's foundry 
cre given a ground finish with an emery cloth 
polish prior to assembly. 
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OTHER 
FENN-STANDARD 
ROLLING MILLS 


Fenn-Standard makes rolling 
mills for the rolling of ingot, rod 
or strip and are built to your re- 
quirements. 

Four-High Precision Mills roll 
stock to uniformly close tolerances. 

Three-High Mills are available 
for rolling rod — grooved rolls re- 
duce billets of ferrous and non- 
ferrous metals to rod. 

Two-High Mills emboss and do 
general sizing and finishing work. 

Roll sizes for these mills vary 
114” diameter and 1” face to 16” 
diameter and 18” face. They can be 
furnished for both hot and cold 
rolling, or for grading} cross and 
pinch rolling or forming wire to 
dimensions. 

Roll speeds range from 10’ to 
500’ per minute. Numerous attach- 
ments are available for special 
work, making the basic Fenn- 
Standard Mills highly versatile 
machines. 
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Tandem Wire Flattening Mills 


Speed Output, Cut Costs 


Wire flattening mills which do the complete flattening operation in a single 
pass, and which operate at speeds up to 2000 feet per minute, are taking over 
more and more jobs in the metal industries as manufacturers search for new 
ways to cut production costs and speed output. 





Ability to handle ferrous or non-ferrous alloys and stainless steel rapidly to 
close tolerances enables Fenn-Standard mills to lower unit costs substantially 
below equivalent work done on single stands. 


Up To Five Stands On Tandem Units hi 


The principle of tandem operation saves a great deal of handling and lessens 


the number of operators required on 
any given job. Fenn-Standard mills 
can be obtained in tandem units up to 
five on a single stand or base. Roll 
diameters from 3.5”to12” allow these 
mills to handle the whole range of 
commerial wire sizes. 

Tandem mills provide the most 
eficient wire flattening method 
known. Industrial plants have been 
converting their plants from single 
stand operation to tandem units. to 
get the benefits of reduced costs and 
greater output. 





Fenn-Standard Tandem Wire Fiattening Mill 





Precision Engineering Accounts Spec 


4 M 

for High Performance bt 
of Tandem Mills leng 
that 


Modern design, careful engincering, 
generous dimensions of parts and close 
tolerances account for the extraordinary 
performance of Fenn-Standard tandem 
mills. Yankee craftsmanship combined 
with carefully controlled materials help 
account for their high production rates 
and minimum maintenance over a long 
service life. 

Roller Bearings are used onroll necksand 
preloaded ball bearings in pinion stand 

Each mill stand is driven by herring 
bone pinion stands through universal 
joints to the roll necks in order to elim- 
inate chatter marks on the work. 

Rolls are easily raised and lowered 
through the individual or simultaneous 
operation of screw downs. ate. 

Rolling speeds are electrically sy 
chronized from stand to stand. 

Cooling of rolls is either internal of 
external at your option. 

Roller bearings and pinion stands art 
lubricated with recirculated oil to deliver 
clear, cool, oil cortinuously for minimum 
friction and longer life. 

Idling or power driven edgers for use 
between stands control widths to clos 
tolerances. 

Fenn-Standard edgers have been de 
signed to meet the requirements of rigid- 
ity so important to holding small toler ' 
ances. The edger rolls are mounted 1 
preloaded ball bearings, lubricated {of 
life, and the preloading principle * 
carried throughout the entire edger. (JS 

Ribbon wind and traversing take? | 
reels are available. 

Hydraulic traversing offers the ult : 
mate in flexibility and the drives product 
constant tension winding. 
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Rotary Swaging Gains 
Favor as Faster, Better 
Way to Shape Metal 


Increasing numbers of metal working 
plants are adopting rotary swaging for 
apering, forming, reducing and assembly 
serations because of large savings in 







Sts 








ing! é 

ps ‘me, labor and materials as well as im- 

nev portant improvements in the physical 
properties of the metal being worked. 

ahh Saves Time and Labor 

tially 






With No Loss of Material 
Rotary swaging is a forging process in 
which tubular or solid bar stock is shaped 
by means of repeated blows applied by 
ssens MMrorating dies. The process develops 
cvlindrical, conical, *‘necked’’ and other 






























unts special shapes with no waste of material. 
Most swaging operations require only 
a few seconds. Even on difficult work, the 
length of time required is much less than 
that needed to secure equal results by 
ring, other processes. So simple to use that 
 BBhighly skilled operators are not required. 
linar : 
andem Other Important Benefits 
nbined From Swaging 
S$ help ° . . ° 
oe Like forging, swaging improves the 
| ’ ty grain structure, hardens the material and 
A ion? , , — . 
gives it increased elasticity and tensile 
Mei strength. The hammering action imparts 
KS and - s ‘ . 
ee a high finish to the surface which in most 
al cases need not be given further treatment. 
om A high degree of accuracy is possible. 
, ; 
% lose tolerances can be held. Tubular 
: parts often develop enough wall thick- 
q ness to permit threading. 
) CiCu 
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<& Fenn-Standard Rotary Swagers are available to 


Plant Replaces 5 Rolling Mills With 
One Tandem Turks Head, Cuts Costs 


The high speed and versatility of tandem Turks Heads has enabled many 
manufacturers to secure remarkable production economies by using them in 
place of older style equipment. 

One manufacturer has replaced five rolling mills with one tandem Turks 
Head — at comfortable cost savings and with no loss of productive capacity. 
Others have been able to reduce costly inventory to a minimum number of 
finished stock sizes because their Fenn-Standard tandem Turks Heads allow 
them to fill job lot orders more quickly than ever before. 

From round wire to finished sha 
in one oe through tandem Turks 
Heads has opened up an efficient, 
low-cost way to form wire and edge 
strip stock for increasing numbers of 
manufacturers. 

Operation of these machines is fast 
and simple. The heads can be 
changed in ten minutes — the work 
turned out in little time. Fewer sizes 





of starting rounds are needed — less Left: Plain Type Turks Head. 
raw stock is used — waste is cut to Right: Universal Type Turks Head. 
the vanishing point — inventory 

problems are minimized. ‘ 


Turks Heads Use No Dies 


The work is rolled to shape, giving 
the added benefits of improved metal 
structure, greater tensile strength, 
greater accuracy and higher produc- 
tion rates as compared with dies. 

For rectangular sections, short | 
runs and light reductions, Fenn- | 
Standard Universal Type Turks Heads | 
are used. For forming rectangles and | 
special shapes, with long runs and | 
heavy reductions, Plain Type Turks 
Heads are specified. Material is rolled 
on both vertical and horizontal planes 
simultaneously. Close tolerances are 
maintained. 





é 





all round wire in size range .40” to 1.250”. 





handle work as small as .015” to .020” diameter, 
solid bar stock up to 3%” diameter and tubular | 
stock up to 6” diameter. Machines with larger | 
capacities can be designed and built to order. | Some cross-sectional shapes obtainable 




















with Fenn-Standard Turks Heads. 





Fenn-Standard Machines Are Sold By: 

Chicago Milwaukee Providence 

Neff Kohibusch & Bissell Neff Kohibusch & Bissell Charles Toolin 
Cleveland Minneapolis Rochester 

Wn. K. Stamets Co. Northern Machinery & Rekers & Roessel 
Detroit Supply Co. San Francisco 

Chas. A. Strelinger Co. Newark C. F. Bulotti Machinery 
Grand Rapids A. C. Cook Co. 

Joseph Monahan New York Seattle 
Indianapolis Indianapolis Machinery Perine Machinery & 

Indianapolis Machinery Export Co. Supply Co. 

& Supply Co. Maxwell Roney, Inc. Montreal, Quebec, 

Los Angeles Pittsburgh Toronto, Windsor 

Hoffman & Heartt Wm. K. Stamets Co. Williams & Wilson, Ltd. 
































A NEW 
METALS COMPARATOR 














When one day during World War II a truck driver 
delivered at the Ft. Wayne Works 25,000 motor 
shafts, mistakenly intermixed, he started G-E engi- 
neers on the development of an important new in- 
strument for industry. 


To separate the shafts, Ft. Wayne engineers 
rigged up an oscillator, multi-winding transformer, 
amplifier, and an oscilloscope, and then identified 
each shaft by comparing its wave pattern with the 
known wave patterns of the different kinds of steel 
used. Realizing the importance to industry of such 






With the new test head 
for the metals-compara. 
tor, you can quickly and 
easily measure the depth 
of wearing surfaces, such 


as machine-tool beds 


equipment, G-E engineers developed a compact 
comparator for both ferrous and nonferrous metals, 


Cutting Costs This instrument helps you cut costs 
by enabling you to separate or to identify metals 
quickly. For example, stock-room clerks use the 
instrument to separate machinable parts of cold- 
rolled steel from nonmachinable parts made from 
stainless steel. This reduces cutting-tool losses. 


Maintaining Quality Control To help maintain the 
high quality of your product, use the comparator 
to measure the depth of case hardening, to deter- 
mine changes in plating thickness, and to assure 
the use of specified metals. 


A G-E Instrument for Your Problem G-E engirteers 
may be able to help you solve your measuring or 
testing problems by recommending one of the 
many available G-E instruments. Your problem, if 
it is common to industry, may even justify develop- 
ing a new instrument. Write today for information. 
Apparatus Department, General Electric Com- 
pany, Schenectady, N. Y. 
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Experimental X-Ray Microscope Reveals Internal Details; 
“Viewed aS Potential Competitor of Electron Instrument 


An X-ray microscope which, in the 
future, may compete with the elec- 
tron microscope has been developed 
in the Research Laboratory of Gen- 
eral Electric Co. The microscope, 
which makes visible internal details 
of materials through which light can- 
not pass, is still in the laboratory 
stage, however. 

The G.E. researchers expect future 
refinements to result in much sharper 
images and higher magnifications 
than are possible using visible light. 
And, although the electron micro- 
scope is the most powerful magnify- 
ing-imstrument in use at the present 


Miss Charlys M. Lucht, of the General 

Electric Research Laboratory, demonstrates 

the experimental X-ray microscope she de- 

veloped in collaboration with other scien- 
tists of the laboratory. 
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time, it has the disadvantage of 
requiring that samples studied be in 
a high vacuum. It is thought that the 
X-ray microscope, on the other hand, 
may make it possible to examine 
living materials at much higher mag- 
nifications than ever before. 

Thus far, sharp X-ray images, 
magnified ten times, have been pro- 
duced in the laboratory; these images 
have been magnified ten times fur- 
ther by photographic enlargement 
without serious loss of detail, thereby 
providing total magnifications of 100 
diameters. Up to now, orily fine mesh 
screens have been studied in an 
attempt to test the ability of the 
instrument to reveal small details. 

The equipment consists of an X- 
ray tube and a pair of curved mirrors 
which the X-rays strike at an angle 
of less than % deg. after passing 
through the sample. The mirrors 
bend the rays to form a magnified 
X-ray image of the sample on a 
photographic film. Thus, the basic 
principle of the microscope is that 
X-rays can be reflected from polished 
surfaces, as can visible light, provided 
they strike the surfaces at very small 
angles, almost parallel to the surfaces. 

The mirrors, initially flat, are 
platinum-coated slabs of fused quartz. 
They are curved by mechanical pres- 
sure which can be adjusted by hand; 
this arrangement makes it possible 
to change the curvature of the mirrors 
to improve focusing. 








Improved Photo-Grid Technique 
Makes Possible Better Predictions 
of Formability of Sheet Metal 


An improved photo-grid technique 
for determining elongation of sheet 
metal has been developed recently at 
the National Bureau of Standards. It 
not only overcomes difficulties in- 
volved in other methods, but also 
provides a more reliable procedure 
for establishing the behavior of sheet 
metal during forming. 

Use of high-strength sheet metal 
in the aircraft industry, and the diffi- 
culty of maintaining ductility as 
strength is raised, has greatly in- 
creased interest in the formability of 
sheet. (A new magnetic test for pre- 
dicting deep drawing properties of 
steel sheet was described recently in 
MATERIALS & METHODS, October 
1949, p. 62.) 

The latest advance in photo-grid 
technique makes it possible to meas- 
ure accurately the elongation occur- 
ring over gage lengths much smaller 
than the conventional 2-in. length; 
for some time it had been suggested 
that the elongation over a smaller 
gage length equal to the length of 
the bend should provide a better 
basis for predicting sheet metal form- 
ability. 

A process for ruling gage marks 
on test specimens had been developed 
previously but was not suitable for 
accurate work because of excessive 
width of lines, inaccurate spacing, or 
lack of sharpness of the lines when 
examined at high magnification. To 
meet the need for an accurate grid 
having spacings of about 0.01 in. a 
master grid was prepared at the Bu- 
reau by ruling the grid in wax on 
plate glass, etching the lines in the 
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glass and filling them with lead sul- 
fide. The grid is transferred to the 
specimen by coating the specimen 
with cold top enamel, printing the 
grid on it by means of a film negative 
of the master grid, and then develop- 
ing the printed grid on the specimen. 

The grid lines are about 0.015 mm. 








wide and are spaced nominally 0.25 
mm. apart; in the middle portion of 
the grid, spacing has been found to 
be within +1% of the nominal 
value. Measurements before and after 
test are made with a toolmakers’ mic- 
roscope under a 50- to 100-magnifi- 
cation reading to 0.001 mm. 

In addition to assisting measure- 
ments of elongation, the new process 
is proving useful in the investigation 
of plastic deformation in the vicinity 
of holes and in studies of other struc- 
tural discontinuities that result in ex- 
cessive stresses. 


Direct-Measuring Photomicrometer Cuts Time for Strain Analysis 


A photomicrometer which saves 
about 25% of the time formerly re- 
quired to determine the magnitude 
of lattice strains in metal has been 
developed recently by John A. Ben- 
nett of the National Bureau of 
Standards. The new instrument rep- 
resents an extension of a previous 
development by the Bureau's Metal- 
lurgy Div. of a more sensitive X-ray 
diffraction technique for the deter- 
mination of strain in metals. 

Lack of sensitivity, due to the small 
change in diameter of the diffraction 
ring with change in stress, and the 
diffuse nature of the ring which 
makes precise measurement of its 
diameter difficult, are the principal 
drawbacks encountered in the X-ray 
measurement of stress or strain in 
metals. The Knorr-Albers micropho- 
tometer used in previous work pos- 





This improved microphotometer measures 
X-ray diffraction patterns of metal under 
strain. 


sessed a high degree of accuracy but 
had two disadvantages: (1) its chart 
record was jagged, making it difficult 
to locate the maximum; and (2) the 
time required to obtain measurements 
was excessive. 
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The new instrument was designed 
for measuring the patterns directly, 
in order to eliminate these disadvan- 
tages without decreasing the accuracy 
obtained on the photometer. The 
calibrating ring of known inside 
diameter is recorded on the film im- 
mediately after the diffraction ring, 
and the radius of the diffraction ring 
is determined by measuring its dis- 
tance from the inside of the cali- 
brating ring. Essentially, the appara- 
tus is a densitometer with a dial 
indicator to measure movement of 
the film. 


Product Design Seminar 


A seminar to aid management in 
making the best use of product de- 
sign will be offered as a four-week 
program, June 26 to July 21, 1950, 
at Lehigh University in Bethlehem, 
Pa. The Product Design Seminar will 
be held in cooperation with the So- 
ciety of Industrial Designers and will 
be open to delegates representing 
manufacturing companies. 

Topics will include design policies, 
design criteria, design aesthetics, con- 
sumer and market research tech- 
niques, psychological considerations 
in design, motion study as applied 
to design techniques, materials, fab- 
rication techniques, design business 
procedure, staff and project organiza- 
tion, and contemporary design serv- 
ices. Details may be obtained from 
Robert F. Herrick, Director of Public 
Relations, Lehigh University. 














High Temperature Alloys Sorted 
by Compression Creep Testing 
of Small Cylindrical Specimens 


Development of new high-temper. 
ature alloys has made it necessary to 
survey the creep properties of a large 
number of alloys which are both 
difficult to melt and cast and difficyl; 
to machine by turning. These diff. 
culties have raised the need for a test. 
using a small test-piece of simple 
shape, to quickly sort out promising 
alloys from less likely ones. Such , 
test, amounting to miniature com. 
pression creep testing, is described by 
A. H. Sully in a recent issue of the 
British publication, Metal Industry 
(Dec. 9). 

In this test, the cylindrical speci- 
men is surrounded by a furnace main. 
tained at the correct temperature and 
is compressed between two push-rods 
of a material (alumina) which does 
not creep significantly at the stress 
and temperature to which it is ex- 
posed. Loading is accomplished by 
means of a beam whose deflection 
measures the creep strain. The ap- 
paratus used by the author was-de- 
signed to work at stresses up to at 
least 10 toms per sq. in. at tempera- 
tures up to at least 1830 F. 

The specimen has a gage length of 
0.25 in. and a diameter of 0.125 in. 
At each end it has cylindrical shoul- 
ders 0.125 in. long and 0.25 in. in 


‘dia., the ends being ground flat and 


parallel. In this type of testing, it is 
essential to ensure that the test-piece 
is completely sound and representa- 
tive of the material to be examined. 

A comparison of compression and 
tension creep tests on specimens from 
the same bar of a complex nickel- 
chromium alloy at 9 tons per sq. in. 
and 1500 F showed fairly good agree- 
ment in the assessment of minimum 
creep rate and the time to onset of 
tertiary creep. In the tertiary stage, 
the tensile creep accelerated continu- 
ously to fracture while the compres- 
sion test passed through stages of 
accelerating and decelerating creep 
without fracture. Sully believes that 
considerably more correlation 's 
needed between tensile and compres 
sive creep on the same materials, 4 
there may be important variations i 
the early stages for some of the more 
complex wrought alloys. 
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Study Shows Steelmaking Process 
Appears to Influence Weldability 
of Chromium-Molybdenum Steels 


Examination of plates rolled from 
16 different melts of 142% chro- 
mium-molybdenum steels, of similar 
chemical composition but different 
furnace origin, suggests that the steel- 
making process may have a consider- 
able influence on weldability. The 
study, carried out by A. J. Elliott and 
W. Il. Pumphrey and reported in the 
Journal of the Iron & Steel Institute 
(December ), indicates that the weld- 
ability of the basic electric steels used 
in the investigation is superior to that 
of the basic open-hearth steels. 

The authors found that most of the 
anomalous results which appear as 
the result of considering the weld- 
ability of similar steels of varying 
carbon content can be removed by 
segregating the results and consider- 
ing the steels in separate series, de- 
pending upon their furnace origin. 
Thus far, however, metallurgical and 
chemical examinations have failed to 
reveal any Consistent variations which 
might account for the anomalous be- 
havior of the steels. 

Consideration of contemporary 
work led the authors to conclude that 
differences in the weldability of steels 
of similar chemical composition may 
be related to differences in the ten- 
dencies of the steels to retain unstable 
austenite for a short time at or near 
room temperature, the cracking being 
elated to the subsequent decomposi- 
tion of this austenite, and increasing 
inseverity with increasing amounts 
of retained austenite. Thus, basic 
open-hearth steels are generally pro- 
duced in much larger ingot sizes than 
basic electric steels and, therefore, 
undergo considerably more working 
and reheating for the production of 
the same final thickness of plate. For 
this reason, the size of the free carbide 
particles may be smaller in the open- 
dearth steel plate than in the electric 
steel plate. This would lead to a 
ugher carbon austenite at the maxi- 
mum temperature of the brief weld- 
ing cycle and, consequently, there 
would be a larger amount of retained 
austenite in the open-hearth steel 
in the electric steel. 

Another point which could be of 
‘onsiderable significance in connec- 
0n with this problem was the au- 


than 
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Materials Data Sheets 


The fourth in a series of special 
materials data sheets appears on 
pages 83 and 85 of this issue of 
MATERIALS & METHODS. It covers 
the Nickel Steels, both the 34 
and 5% types. 

This recently inaugurated series 
of data sheets is designed to 
supply the reader with helpful 
summaries of the significant, typi- 
cal properties and uses of the 
various groups of ferrous and non- 
ferrous alloys and nonmetallic ma- 
terials. Eventually, it is expected 
that the series will cover all of the 
commonly used engineering ma- 
terials. 














thors’ observation of a boundary 
constituent outlining the austenite 
grains in certain of the welded steel 
plates. Although the constituent was 
not identified during this investiga- 
tion, its apparent measure of correla- 
tion with weldability may warrant 
further investigation. 


High-Frequency Arc, Diatomic Gases 
Combined to Produce Temperatures 
Higher Than Tungsten Melting Point 


An “electronic torch” hot enough 
to cut holes in firebrick and to melt 
tungsten has been developed by Dr. 
J. D. Cobine and his associates in 
General Electric’s Research Labora- 
tory. 

Temperatures considerably higher 
than the melting point of tungsten 
(6100 F) are produced by the com- 
bination of various gases and high- 
frequency radio signals. The torch 
consists of an electron tube, called a 
“magnetron,” which produces radio 
waves having a frequency of one 
billion cycles per sec.y leading from 
the tube is an antenna made of two 
short metal cylinders, one within the 
other. A high-frequency arc can be 
formed on the end of the antenna. 
Feeding certain gases, such as nitro- 
gen and carbon dioxide, past the arc 
produces the torch, which resembles 
a jet or flame about 9 in. long. 

According to Dr. Cobine, the jet 
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itself is not necessarily hot. The 
molecules of the gases are broken up 
into atoms by the high-frequency 
arc, and these atoms join together 
again on surfaces placed in the torch. 
The high temperatures produced on 
any surface placed in the jet are 
caused almost entirely by the heat 
generated as atoms join together to 
form molecules. Argon, helium and 
other gases that exist normally as 
single atoms give a flame essentially 
devoid of heat since they cannot be 
broken and rejoined; an electronic 
torch composed of one of these gases 
gives off light because of the motion 
of electrons caused by radio waves, 
but the hand can be inserted without 
ill effects. 


Manufacturing Methods Pilot Plant 


Opened for Aeronautical Industry 


A plant to be used by the aero- 
nautical industry and the armed ser- 
vices for experimentation and devel- 
opment of new forging techniques 
was opened last month in Adrian, 
Mich. Gerity-Michigan Manufactur- 
ing Co., a subsidiary of Gerity-Michi- 
gan Corp., has been awarded a con- 
tract by the U. S. Air Force to operate 
and maintain the government-owned 
aluminum extrusion plant. 

According to Air Force spokesmen, 
experience of World War II indi- 
cates that this country should gain 
additional experience and research 
and development information on the 
operation of heavy presses. With this 
in mind, the Air Force has located 
several heavy forging presses, brought 
from Germany, in what is termed one 
of the most modern extrusion plants 
owned by the government. 

The Adrian plant, now called the 
USAF Manufacturing Methods Pilot 
Plant, was built by the R.F.C. in 
World War II and was operated by 
Bohn Aluminum Co. More recently, 
the plant has been leased by War 
Assets Administration to Kaiser- 
Frazer Corp. for storage purposes. The 
U. S. Air Force took over on Jan. 1. 
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Control Quality—Eliminate Failures 


It’s true that you may go on specifying and buying alloy 
‘steel for years without a slip. Without getting the wrong 
specification. Without an alloy failure. 

But it’s equally true that one alloy looks just like an- 
other and there are plenty of chances for error before an 
alloy steel shipment reaches you. 

This book shows you how to guard against alloy errors. 


RYERSON 
STEEL 


JOSEPH T. RYERSON & SON, INC. PLANTS AT: NEW YORK, BOSTON, 
PHILADELPHIA, DETROIT, CINCINNATI, CLEVELAND, PITTSBURGH, BUFFALO, 
CHICAGO, MILWAUKEE, ST. LOUIS, LOS ANGELES, SAN FRANCISCO. 
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How to overcome the hazards caused by errors anywhet 
along the line. It explains the steps you can take you' 
self and the steps we take to protect you. 

If you haven’t received your copy of this helpful boo 
“How to Specify and Buy Alloy Steel with Confidenc:’: 
we urge you to send for it today . . . and may we sugg 
that you call Ryerson for alloy steel of certified qualil! 
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In product designs where 
dissimilar metals come in 
contact with one another 
serious galvanic corro- 
sion can result if proper 
precautions are not tak- 
en. This article explains 
the essential principles 
underlying the problem 
and presents for the guid- 
ance of engineers and 
designers practical meas- 
ures to prevent such cor- 
rosion. 





@~IT Is ESTIMATED that in this 
country alone about $5000 worth of 
equipment is destroyed by corrosion 
every minute. This is not the only 
loss incurred, as very often there are 
disruptions of production schedules, 
spoilage by contamination, and even 
loss of life and limb. It thus becomes 
apparent that corrosion is a matter of 
considerable consequence in the de- 
sign of equipment, and merits close 
attention on the part of the engineer 
and designer. 

One type of cosrostom.that has 
been particularly destructive is so- 
called galvanic corrosion. Fear of gal- 
vanic corrosion dates to the early 
\9th century when Sir Humphry 
Davy delved into the subject for the 
British Admiralty. He discovered the 
unpleasant fact that when different 
metals are in contact with one an- 
other in sale water, one of them often 
corrodes excessively. All the scientific 
tesearch since then has not changed 
this fact, but it has provided some 
basic knowledge on how to prevent, 
or, at least appreciably reduce gal- 
Vanic corrosion. 

It is frequently necessary or desir- 
able to couple dissimilar metals in 
product design because of certain 


| Specific requirements. Unless proper 


Precautions are taken, severe galvanic 
Corrosion of one or more of the parts 
may occur. So that engineers and de- 
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and How It Can Be Avoided 


by SAMUEL B, ASHKINAZY and JAMES M. JOYCE, Sperry Gyroscope Co. 


signers may better understand this 
type of corrosion and guard against 
its pitfalls, this paper reviews funda- 
mental principles and factors under- 
lying galvanic corrosion, and presents 
some practical measures for its con- 
trol. 

Corrosion is a process by which 
metals undergo destruction due to 
chemical and electrochemical action 
of the metals and their environment. 
Corrosion can be considered to take 
place in two ways. First, metal can be 
corroded by direct chemical attack as 
exemplified by oxidation and tarnish- 
ing of metals by dry gases, such as 
oxygen and chlorine. This type of 
corrosion does not require the pres- 
ence of moisture. The second type of 
corrosion is electrochemical in nature 
and necessitates the presence of mois- 
ture. As moisture is present in nearly 
every environment in which instru- 
ments and machines operate, most of 
the corrosion processes encountered 
are electrochemical in nature. 

Electrochemical corrosion, as the 
name implies, involves chemical reac- 
tions and an interchange of electrons 
(current flow) between the corrod- 
ing medium and the base metals, Its 
action is that of a miniature cell hav- 
ing two electrodes, an electrolyte or 
conducting solution, a difference in 
potential or driving force, and a com- 
pleted circuit for the current flow. 
Two reactions take place simultane- 
ously upon the surface of the metal 
or metals: metal ions pass into solu- 
tion (dissolve) at areas of higher po- 
tential, and hydrogen ions pass out of 
solution (plate out) at areas of lower 
potentials. The areas at which metal 
dissolves are the anodes or positive 
poles, and the areas at which hydro- 


. 
_ 


gen is discharged are the cathodes or 
negative poles of electrolytic corro- 
sion cells. 

The driving force or difference in 
potential for these electrolytic cells 
stems from the fact that different 
metal surfaces have different solution 
or electrode potentials. If a metal 
tends to dissolve readily in a solution, 
it has a high electrode potential; if it 
does not have this tendency, it has a 


/ low electrode potential. For example, 


magnesium and aluminum have high 
electrode potentials because they pos- 
sess the characteristic of readily go- 
ing into solution. Copper and silver, 
on the other hand, have low electrode 
potentials because they are not in- 
clined to go into solution readily. 

Different portions of the same 
piece of metal can likewise exhibit a , 
difference in potential. Different 
areas in a metal can have a greater or 
lesser tendency to go into solution 
due to inhomogeneities in composi- 
tion, grain size, internal stress, and 
nonmetallic inclusions. A difference 
in potential can also result whenever 
the electrolytic or corroding solution \ 
differs in composition from one point 
to another on a metallic surface. 

It can thus be seen that electro- 
chemical corrosion can obtain its 
driving force or potential difference 
from (a) use of dissimilar metals, 
(b) inhomogeneity in a single metal, 
and (c) inhomogeneity in the con- 
tacting solution. These three types 
are usually classified, in order, as (1) 
galvanic corrosion, (2) direct elec- 
trochemical corrosion, and (3) con- 
centration cell corrosion. Galvanic 
corrosion is ordinarily much more 
rapid and destructive than the others 
and is treated in detail here. 
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Schematic diagram showing how galvanic 
corrosion between iron and copper is caused. 


Galvanic Corrosion 


Galvanic corrosion, as already men- 
tioned, is an accelerated electrochem- 
ical action due to two different metals 
being in electrical contact and ex- 
posed to an electrolyte. Current flows 
from the metal of high potential or 
anode to the metal of lower potential 
or cathode. It is this flow of current 
which produces corrosion over and 
above that which would occur if the 
metals were not*coupled galvanically. 
A typical example of galvanic cor- 
rosion is the rusting of iron in elec- 
trical contact with copper in the pres- 
ence of water, such as is encountered 
by using iron fittings on copper tub- 
ing. Severe corrosion of the iron is 
likely to result. This coupling is rep- 
resented schematically in the accom- 
panying figure. 

Iron, being of a higher electrode 
potential than copper, forms the 
anode in this galvanic couple. At the 
anode, iron Fe dissolves in the water 
to form iron ions Fe** and loses two 
electrons to the parent metal. It will 
be recalled that water contains hydro- 
gen ions H’*, hydroxyl ions OH, water 
molecules H2O, and usually dissolved 
oxygen QO». As the iron ions pass into 
solution, they react with hydroxyl 
ions and oxygen in two steps to form 
hydrated ferric oxide Fe203°H20. 
This is the familiar red rust. 

At the cathode, to which hydrogen 
ions have migrated under the influ- 
ence of opposite polarity, the elec- 
trons given up by the ionization of 
Fe to Fe** are picked up by the hy- 
drogen ions which are thereby con- 
verted to hydrogen atoms and even- 
tually to hydrogen gas or to water. 
It should be noted that the electrons 
traveled from the anode to the cath- 
ode via an external circuit, that is, 
through a path other than through 
the solution. 

The amount of metal dissolved at 
the anode is a function of the total 
quantity of electrons transferred or 
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total current flowing. The rate of cor- 
rosion is proportional to the rate at 
which the electrons are being trans- 
ferred, or the instantaneous current 
flowing. 

The extent of corrosion caused by 
any galvanic couple is influenced by 
the following five factors: 

a. Electrode potentials of the two 
metals. 

b. Polarization and film-forming 
characteristics of the metals in the 
corroding solution. 

c. Relative anode and cathode 
areas. 


d. Internal and external resistances 
of the galvanic circuit. 

e. Factors that normally influence 
general corrosion processes. 


Electrode Potentials of Metals 


The basis for comparison of the 
electrode potentials of metals is 
the well-known Electromotive Series 
shown in Table I. The potentials 
listed are relative to that of hydrogen, 
which is arbitrarily taken as zero, and 
are for the condition in which the 
metal is in contact with a normal 
solution of its ions. In any other solu- 
tion, different values for the poten- 
tials would be developed as they are 
functions of the ion concentration in 
the solution. The higher the ion con- 
centration, the lower is the electrode 
potential of the metal. 

Normally, metals above hydrogen 
in the series displace hydrogen from 
solution and those below it do not. 
By convention, the potentials of met- 
als above hydrogen are marked neg- 
ative, and those below hydrogen posi- 
tive. Any metal in the series corrodes 
preferentially (go into solution) 
when electrically coupled with any 
metal below it. The former is said to 
be anodic or less noble in relation to 
the latter, and the latter is said to be 
cathodic or more noble in relation to 
the former. The farther apart the 
metals are in the series, that is, the 
larger the potential difference, the 
greater is the rate of corrosion, every- 
thing else being equal. 

The Electromotive Series, although 
frequently used in physical chemistry 
and thermodynamic determinations, 
is not suitable for use on practical 
corrosion problems. The normal ion 
concentrations and hydrogen gas 
pressure employed to determine this 
series are not usually provided by na- 
ture. Also, the formation of protec- 
tive oxide films makes certain metal 
surfaces assume more noble charac- 
teristics than indicated by the Elec- 
tromotive Series. 


A galvanic series, which takes int 
consideration overall and practical as. 
pects in addition to theoretical cop. 
siderations, is given in Table II. This 
series, developed by the International 
Nickel Co., is on experiences jn 
cory and Unter amaiiican 
tory COn- 
ditions in numerous Corfosives, such 
as sea water, sodium chloride, etc, 
and on practical results with metal; 
and alloys in service. 

In Table II metals that are 
together have no strong to 
produce galvanic corrosion on each 
other, and, from the practical stand. 
point, are relatively safe to use in 
contact with each other. The coupling 
of two metals from different 
and distant from each 
list results in galvanic, or 
corrosion of the one higher in th 
list. The farther apart the metak 


= 


i 


* stand, the greater is the galvanic 


tendency, as is indicated by the elec. 
trical potential difference between 
them. 

It should be emphasized that the 
galvanic series serves only as a useful 
guide in estimating the galvanic tend- 
ency and cannot replace the need for 
actual tests conducted in the specific 
corrosive environment under Cou- 
sideration. Other factors, such as the 
formation of protective films and 
polarization, enter into the picture. 
This is the case for aluminum-stain- 
less steel couples which, according to 
Table II, have a greater potential 
difference than aluminum-copper 
couples. Experience has shown, how-, 
ever, that contact between aluminum 
and stainless steel generally results in 
less severe galvanic attack than does 
contact between aluminum and cop- 
per. Caeteatiat. vie 

During the process of corrosion, 
the ion concentration of the corrod- 
ing element or anode increases, pat- 
ticularly in the immediate vicinity 
of the dissolving metal. Also, a pro 
tective film may be formed on the 
anode by the products of corto 
sion. Both of these actions render the 
anode more noble by reducing its po- 
tential. This change in potential « 
the anode is referred to as anode 
polarization. At the same time, the 
hydrogen ion concentration at the 
cathode decreases, and also atomic 
hydrogen may form a protective coat: 
ing on the cathode, both of which 
render the cathode less moble by 1% 
creasing its potential. This change 19 
potential at the cathode is referred t0 
as cathode polarization. These polat'- 
zations, which increase with curreat 
density, act as a counter-potential t0 
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into che original electrode potential differ- 
al as. ence of the galvanic cell. 
Con- If polarization proceeds uninter- 
This rupted at one OF both electrodes, the 
ional effective difference in potential of the 
eS in cell may approach zero, and galvanic 
Dora- corrosion ceases. Unfortunately, this 
COn- is not usually the case, as there are 
Such many influences that counteract this 
etc, action. At the cathode, polarization is 
1etals upset when hydrogen is removed 
either as a gas Or when it combines 
luped with an oxidizing agent to form 
cy to water. The removal of hydrogen re- 


sults in the loss of the protective hy- 
drogen film and causes an. increase in 
the hydrogen ion concentration at the 
cathode, both factors being opposite 
in action to that of polarization and 
tending to make the galvanic forces 
continue to Operate. 

Of the two ways in which hydro- 
sen is removed, the one in which it 
oxidizes to form water is by far the 
more prevalent. Dissolved oxygen is 
the most common and one of the 
most potent cathode depolarizers. A 








corrosion to proceed unhindered. 

Certain metals, such as stainless 
steel, owe their corrosion-resistant 
properties to their ability to form 
protective oxide coatings when the 
metals are first exposed to their en- 
vironment. Metals falling within this 
category exhibit galvanic properties 
of the protective film rather than 
their true metallic characteristics. 
This property is called passivity, 
which may be considered to be a 
state or condition of the alloy desig- 
nated by its more noble position in 
the galvanic series. If the state of 
passwvity is lost, that is, the oxide film 
is removed, the alloy rises in the gal- 
vanic series, becoming less noble and 
is considered to be in the active state. 
Metals possessing this property are 
chromium and chromium-bearing ma- 
terials, aluminum, and to a lesser ex- 
tent lead and nickel. 

Stainless steel is listed twice in the 
galvanic series, once as active and 
once as passive. The positions occu- 
pied may be anywhere between the 














it the good example of oxygen depolariza- extremes indicated, depending upon 
iseful tion is copper in contact with steel — the corrosive media, particularly with 
tend: in sea water. In normal sea water respect to their oxidizing or reducing 
d for containing dissolved air, galvanic cor- § power. The presence of oxygen helps 
yecific rosion of this couple proceeds under to stabilize the passive condition 
COni- a potential difference of as much.as and enhances its corrosion-resisting 
is the 0.5 v. In air-free sea water, hydrogen properties. On the other hand, high 
; and polarization of copper reduces the acidity (non-oxidizing acids) or the 
cture. Me potential to the extent that galvanic _— presence of activating ions, such as 
stain- corrosion usually is insignificant. chlorides, reduces the protective ox- 
ng to Polarization at the anode takes _ ide film, and the metals act with their 
ential place primarily by the formation of a true metallic properties just as any 
yppet Mme Protective surface coating. If the cor- other metal. If the film is not com- 
how-yMme‘0sion products at the anode are of __ pletely destroyed and only localized 
‘inum limited solubilities, they precipitate | breaks occur, a destructive pitting ac- 
tits in Hout and form films at the metal sur- _ tion results due to an unfavorable 
| does face. These films may be protective | anode-cathode area ratio. Pitting due 
| cop- fen character if adherent, high in elec- to chloride attack on stainless steel is 
trical resistance, and completely im- a good example of this. 
osion, pervious to the corroding liquid; or When in doubt as to whether a 
yrrod- they may be non-adherent, quite per- material such as stainless steel is ac- 
, par Meemeable, and allow local or general tive or passive in a particular corro- 
icinity 
, ea Table |—Electromotive Series 
n ’ ; 
; 

COrro- / Molal Electrode Potential at 77 F (25 C) 
« Oe es Metal lon Volt 
jal at Magnesium Mg** —2.34 

anode ° Aluminum Al*** a} 67 

ra Zinc Zn** —0.76 

e, Chromium cr —0.71 
it the * Iron | Fe** —0.44 
comic Cadmium Cd** —0.40 
a Nickel | Ni** —0.25 
, hich | » Tin Sn** —0.14 
ee Lead Pb** —0.13 
by i Hydrogen | H* 0.00 
roe io Copper | Cu** +0.34 
ved t0 | Silver Ag* +0.80 

4 . i Palladium Pd** +-0.83 
polar: Mercury He** +0.85 
urrent Platinum | Pr** 4+1.2 
tial t0 Gold | Au*** 4+-1.42 
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sive medium, it may usually be as- 
sumed that it is active if its area is 
relatively small, and passive if its area 
is relatively large. 

It has been pointed out that the 
presence of oxygen in the corroding 
solution helps to stabilize the oxide 
film on passivated metals and further 
enhances their corrosion resistance. 
This is not the case with iron and 
other metals that do not usually form 
protective coatings. With such metals, 
the more oxygen in the corroding 
solution, the higher is the rate of cor- 
rosion. This is due to its depolarizing 
effect in keeping the cathodes clear 
of hydrogen. It follows then that oxi- 
dizing substances, such as dissolved 
air, may accelerate the corrosion of 
one class of materials, and retard 
the corrosion of another class. The 
difference in behavior between a 
material the corrosion of which is 
accelerated by oxidizing agents and 
another the corrosion of which is re- 
tarded by oxidizing agents is illus- 
trated in Table IIL 


Relative Anode and Cathode Areas 


In any galvanic combination, the 
relative areas of the two metals form- 
ing the couple have a very important 
bearing on the extent of corrosion. 
The speed of the corrosion is usually 
determined by the speed of the reac- 
tion at the cathode, since this is nor- 
mally much slower than the reaction 
rate at the anode: If the cathode 
is small with respect to the anode, 
cathodic polarization is large, and the 
flow of current is relatively small, re- 
sulting in little galvanic corrosion. If 
the cathode area is large in relation 
to the anode, cathodic polarization is 
small, and the current flow is large, 
resulting in increased galvanic cor- 
rosion. With the current large, and 
the anode area small, there exists a 
high current density at the anode, 
and the rate of corrosion is high. 

Under many conditions, the extent 
of the galvanic effect is very nearly 
proportional to the ratio of the area 
of the cathode or more noble metal 
to the area of the anode or less noble 
metal. Thus, if a piece of steel having 
a surface area of 2 sq. in. is coupled 
to a piece of copper having a surface 
area of 100 sq. in., the extra corrosion 
due to the galvanic effect is roughly 
50 times faster than it would be if 
the same piece of steel were coupled 
to a piece of copper having a surface 
area of 2 sq.fin} For this reason, it is 
wise to avoid galvanic couples where 
the exposed area of the metal lower in 
the galvanic series is much greater 
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Table 11—Galvanic Series ot Metals and Alloys 














Electrode 
Metal Potential* 
Magnesium Alloys (All) —1.51 
Zinc —1.09 
SS { Aluminum 2S, 3S, 52S, 53S-T, 61S-T —0.75 
2 Cadmium —0.73 
z Cast Aluminum Alloys # 12, 14 and 17 —0.70 
. Aluminum A 17S-T —0.64— , 
a 3 Aluminum Alloys # 23 and 25 —0.59 ° 
“3 
85 Steel or Iron —0.55 i 
ine. Stainless Steel, All Types (Active) —0.53—4 
+ =  { Lead-Tin Solders —0.52 
s 2 Lead —0.51 
~ Tin —0.47 
lea’ ie 
Do Nickel —0.25 
c iS Inconel —0.25 
2 3 Brasses —0.22 
c = Copper —0.22 
< 2 : Bronzes —0.22 
~~ 2 Copper-Nickel Alloys —0.20 
Sf Stainless Steel, All Types (Passive) —0.15 
~~ . Monel —0.10 
7) 
2 Silver Solder —0.07 
& Silver —0.05 
Gold +0.18 
Platinum +-0.33 











*Potential of metals in salt water and other solutions based on saturated calomel half cell. 


than that of the metal higher in the 
series. For example, it would be defi- 
nitely dangerous to use an aluminum 
rivet in a steel plate, but reasonably 
safe to use a steel rivet in an alumi- 
num plate. This also explains why it 
is poor practice to plate a metal with 
a wathodic or more noble material, 
such as tin on steel, as any cracks or 
crevices in the electroplate would 
bring about a very unfavorable anode- 
cathode area ratio. 

"In considering the relative anode 
and cathode areas, it is necessary to 
distinguish between those cases where 
the metals are completely immersed 
or wetted by an electrolyte and the 
cases where the metals are not im- 
mersed but the moisture has accumu- 
lated locally at the joint. In the latter 
cases, it is only the area that is wet 
by the condensed moisture that enters 
into the galvanic action. Under high 
humidity conditions or whenever a 
condition of localized moisture en- 
trapment exists, galvanic corrosion of 
the less noble metal is likely to occur 
regardless of the relative total areas 
of the two metals. It is, therefore, 
necessary to avoid pockets or other 
places which would trap water in the 
area of joints. 

It has been stated that in order for 
current to flow and corrosion to take 
place, there must be a complete cir- 
cuit through the conducting metals 
and the solution. In view of the rela- 
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tively low voltages involved, contact 
between the two metals must be good. 
The metals themselves are such good 
conductors of electricity that the total 
resistance of the circuit is usually 
controlled principally by the resist- 
ance of the solution and the contact 
resistance between the metals. Any 
insulation of the metals at their areas 
of juncture helps increase resistance 
of the circuit and thus minimizes 
or eliminates galvanic corrosion. 
Appreciable galvanic corrosion need 
not be expected in distilled water, 
which is a poor conductor. Ordinary 
tap water contains sufficient dissolved 
ionizable salts to make it moderately 
conductive, so that galvanic corrosion 
can occur. In the case of tap water 
and other relatively low-conductivity 
solutions, the galvanic influences are 
usually localized so that the less noble 
metal suffers most of its accelerated 
corrosion in a region in the immedi- 
ate vicinity of the more noble metal. 
Strong salt solutions, such as brines 
and sea water, and strong solutions of 
other chemicals, including acids and 
alkalis, are very good conductors, and 
under appropriate conditions gal- 
vanic corrosion can take place in 
them all. In these highly conductive 
solutions, galvanic corrosion is more 
likely to be distributed widely over 
the entire anode surface. Even in the 
case of thin films of condensed mois- 
ture, if dissolved salts or ionizable 


dissolved gases are present, the cir. 
cuit may be completed and ga!vanic 
corrosion occur, COrrosion 
tends to be localized near the point; 
of contact. 


Other Factors Influencing 
Galvanic Corrosion 


In general, the rate of corrosion 
tends to increase with rising tempera. 
ture due to an increase in the iate of 
reaction. Temperature, however, ha 
a secondary effect through its infly. 
ence on the solubility of air (oxygen) 
in the corroding solution. The higher 
the temperature, the lower the amoun 
of air dissolved. It has been shown 
that oxidizing substances such as dis. 
solved air may retard corrosion of 
metals forming protective oxide films 
and accelerate corrosion of metals no 
forming films. It can therefore be 
seen that the effect of rising tempen. 
ture from this standpoint is to in. 
crease the rate of corrosion of metal 
such as stainless steel, and decreas: 
the rate in the case of Monel, iron, 
and other non-film forming metals 
Temperature may also increase the 
solubility of protective corrosion 
products, further accelerating corto- 
sion. 

An increase in the velocity of fel 
tive movement between a corrosive 
solution and a metallic surface tends 
to accelerate corrosion. This effect is 
due to the higher rate at which the 
corrosive chemicals, including oxidiz- 
ing substances, such as aif, aft 
brought to the corroding surface and 
to the higher rate at which corrosion 
products, which might otherwise ac: 
cumulate and stifle corrosion, are car- 
ried away. High velocity may also 
tend to prevent the normal formation 
of insoluble corrosion products on 
the metallic surface. An example of 
the effect of velocity in removing 0 
preventing the formation of protec 
tive corrosion product films is pro 
vided by the behavior of steel in con 
centrated sulfuric acid. Progressive 
corrosion at low velocities is prt 
vented by the development of prc 
tective corrosion-product films, where 
as at high velocities, rapid Corrosion 
may occur. 

Since the discharge of lsydroge? 
ions takes place in most corrosion r¢ 
actions, the acidity of a solution, * 
represented by the concentfation 0! 
hydrogen ions pH, is a most impor 
tant factor. The higher the acidity 
that is, the lower the pH, the greate' 
is the concentration of hydrogea 109 
available at the cathode, and conse: 
quently, the greater is the corrosio?. 
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Pract.ces for Controlling 
Palvanic Corrosion 


The most effective way for avoid- 
ing galvamic corrosion is to select ma- 
rerials Which, when coupled, show no 
strong tendency to produce galvanic 
corrosiom. The galvanic series in 
Table II can be employed as a guide 
for that purpose. When the use of 
dissimilar metals is unavoidable, it is 
possible to minimize the effects of 
galvanic corrosion by several meth- 
ods, as follows: 


Select combinations of metals as close 
together as possible in the galvanic series. 

Avoid combinations where the area of 
the less noble material is relatively small. 
It is better to use the more noble metal 
for fastenings, such as bolts, rivets and 
other small parts, rather than the reverse. 

Insulate dissimilar metals with solid 
gasket materials wherever practical. If 
complete insulation cannot be achieved, 
two coats of zinc chromate primer on 
each faying surface, and exterior surfaces 
if convenient, helps to increase the re- 
sistance of the circuit. 

For severe outdoor exposure, additional 
sealing of the faying surfaces with a seal- 
ing compound should be employed to in 
sure water tightness of the joint. 

For added protection, parts should be 
painted all over with an enamel or lac- 
quer finish. Painting only the less noble 
material is inadvisable as attack at pin- 
holes or scratches in the coating would be 
further accelerated because of the area- 
ratio effect. However, it is satisfactory to 
paint only the more noble metal. 

Avoid joining materials well apart in 
the series by threaded connections, as the 
threads are likely to deteriorate exces- 
sively. Brazed joints are preferred, using a 
brazing alloy cathodic at least to one of 
the metals to be joined. 

Plate one or both of the materials to 
reduce the contact potential. For example, 
steel alloys should be zinc- or cadmium- 
plated if they are to be in contact with 
aluminum or magnesium: alloys. Plating 
affords additional protection but cannot 
be entirely relied upon to eliminate gal- 
vanic corrosion in the absence of suitable 
insulation. 

Avoid designs which contain pockets 
where moisture may get trapped, or closed 
containers without ventilation where wa- 
ter may condense (sweating). Provision 
lor drainage and ventilation help substan- 
tially in overcoming this difficulty. 

Install pieces of zinc or magnesium 

which can be sacrificed galvanically to 
Protect critical parts. 
Good protection against galvanic corro- 
‘ion is obtained when the joint is im- 
mersed in oil. No additional insulation is 
then required. 


Protection of Magnesium 


In most environments, magnesium 


has a higher electrode potential than 
the Other structural metals. The cou- 
Pling « Magnesium with other met- 
als mus: therefore be hi ghly restricted 
iN Order to prevent galvanic corro- 
sion. When such coupling is unavoid- 
FEBR 
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Table 111—Corrosion of Monel and 18:8 Stainless Steel by 
Air-Saturated and Air-Free 5% Sulfuric Acid at 86 F 





Corrosion Rate, Mdd.* 





Material 


Air-Saturated Acid 


Air-Free Acid 





Monel 








Stainless Steel (Type 304) 


240 40 
2 


300 








*Milligrams per decimeter per day 


able, protective insulation must be 
present at all times. Lack of such in- 
sulation results in severe corrosion of 
the magnesium part adjacent to the 
dissimilar metal. 

The most effective type of insula- 
tion is a solid gasket material of 
about 0.010-in. thickness that affords 
the necessary electrical insulation and 
is not corrosive to the metals joined. 
Materials such as Vellutex, synthetic 
rubbers, ethyl cellulose, nylon and 
polyethylene are comparatively effec- 
tive as insulators between magnesium 
and other metals. Asbestos, cork, un- 
impregnated paper, wood, felt and 
other hygroscopic materials are not 
recommended as they frequently ac- 
celerate corrosion of the magnesium. 

The following precautions should 
be taken when coupling magnesium 
to other metals. 


Magnesium Coupled to Other 

Magnesium Alloys: 

Faying surfaces, and exterior surfaces, if 
convenient, should be primed with two 
coats of zinc chromate’ primer. 

Use anodized 56S aluminum rivets. 

Apply an enamel or lacquer finish to all 
surfaces. 

Follow the general precautions outlined 
under Practices for Controlling Gal- 
vanic Corrosion. 


Magnesium Coupled to Aluminum: 

All aluminum alloys should be anodized. 

For coupling of magnesium with alumi- 
num alloys 52S, 53S, 61S-T, 2S and 3S, 
the precautions listed above for Mag- 
nesium Coupled to Other Magnesium 
Alloys should be followed. 

For coupling of magnesium with alumi- 
num alloys 17S-T, 24S-T, and the 
copper-bearing aluminum casting al- 
loys, the precautions listed below for 
Magnesium Coupled to Steel should be 
followed. These alloys should also be 
cadmium plated whenever practicable. 


Magnesium Coupled to Steel: 

Steel in contact with magnesium should 
be zinc or cadmium plated: 

Insulate joint with an approved gasket 
material. 

Faying surfaces, and exterior surfaces, if 
convenient, should be coated with two 
coats of zinc chromate primer. 

Apply enamel or lacquer finish to surfaces. 
Cadmium-plated parts should be bond- 
erized before painting. 

Use anodized 52S aluminum bolts where 
possible, or bonderized, cadmium-plated 
steel bolts with corresponding nut and 


washer stock. The use of screws and 
tapped holes should be avoided. 


Use approved gasket material between 
washer and magnesium. 

Additional sealing of faying surface is ad- 
visable under severe exposure condi- 
tions. 

Follow the general precautions outlined 
under Practices for Controlling Gal- 
vanic Corrosion. 


Coupling of Magnesium with Metals Other 

than Magnesium, Aluminum or Steel: 

As far as practical, this should be avoided. 

If absolutely necessary, the precautions 
listed for Magnesium Coupled to Steel 
should be followed. 


Protection of Aluminum 


Aluminum-base alloys are anodic 
(have higher electrode potentials) to 
most of the other commonly used 
structural metals and, therefore, must 
be suitably protected against galvanic 
corrosion when used in contaet with 
them. In general, the same methods 
used in protecting magnesium from 
corroding galvanically should be used 
for aluminum. The general precau- 
tions outlined under Practices for 
Controlling Galvanic Corrosion and 
those below should also be followed. 

All aluminum alloys should be anodized 
and, whenever possible, painted. 

Faying surfaces should receive at least 
one coat of zinc chromate primer. 

Contact with copper-bearing alloys 
should be avoided. When such contact is 
necessary, the copper part should be cad- 
mium plated and, if possible, bonderized 
and painted. 

Contact with steel parts, although less 
harmful than copper parts, should be 
treated as outlined for copper alloys 
above. 

For severe exposure conditions, an insu- 
lating gasket of Vellutex, synthetic rub- 
ber, ethyl cellulose, polyethylene, or nylon 
is advisable. 

Whenever possible, the coupling of alu- 
minum to other metals and plated coat- 
ings should be made in the order of pref- 
erence shown: 

1. Aluminum Alloys 
. Cadmium Plating 
. Zinc Plating 
Chromium Plating 
Stainless Steels (18:8) 

Tin Plating 

. Nickel Plating 

8. Lead Alloys 

9. Stainless Steel (Straight Cr) 
10. Iron and Steel 

11. Copper-Base Alloys 


Ww dS 
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This article appeared originally in the 
“Sperry Engineering Review” 
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Hard Rubber as an Engineering Material 


by JOHN R. MacKAY, American Hard Rubber Co. 


@ HARD RUBBER is a versatile en- 
gineering material and exemplifies 
the wide range of properties that can 
be present even in a single material. 
Rubber itself is associated with great 
stretchability and resilience, the exact 
antithesis of hardness. Yet the rubber 
chemist, desiring to produce for in- 
dustry a material that will have the 
excellent chemical, electrical, and 
other properties of natural rubber in 
combination with rigidity, is able to 
give to rubber not only hardness, but 
hardness controlled within limits so 
as to serve a variety of purposes. 

Rubber is hardened by a reaction 
between the rubber hydrocarbon and 
sulfur. The exact nature of the reac- 
tion is not well understood, but its 
practical use produces a material that 
meets requirements. Use of sulfur in 
vulcanization of crude rubber was the 
beginning of modern rubber tech- 
nology; it made of the sticky, un- 
manageable natural gum a stretchable 
and durable product. When the same 
reaction is carried out with consider- 
ably larger percentages of sulfur, the 
product ceases to be stretchable, and 
a hard ebonylike solid results. 

Hard rubber, and soft vulcanizates 
also, meet the terms of the broad 
definition of plastics, in that they are 
capable of being worked in a plastic 
condition at some stages of their 
manufacture. Hard rubber acts as a 
thermoplastic, capable of being sof- 
tened by heat and reshaped to some 
extent. It has been called the first of 
the organic plastics to be formed or 
molded. Because of the importance 
and size of the rubber industry, it 
is usually considered as a separate 
branch of materials technology, how- 
ever. 
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Considering the types of rubber in 
regard to their sulfur content, a fairly 
definite set of boundaries appear. 
These are: 

(1) Rubber compounds contain- 
ing up to 10% sulfur, based on rub- 
ber hydrocarbon. These will include 
the usual soft rubbers. 

(2) Compounds having a sulfur- 
rubber ratio between 6% and about 
25%. These do not have wide com- 
mercial application because of gener- 
ally poor aging properties. They are 
sometimes called semi-ebonites. 

(3) Compounds with a’ sulfur- 
rubber ratio between 25 and 50%. 
This group includes those materials 
that are considered as hard vulcani- 
zates of rubber. 

Within this third group—the hard 
rubbers—there are several general 
types, and a considerable variation of 
properties. Properties can be changed 
by (a) changing the degree of vul- 
canization through varying the sulfur 
content, (b) varying the degree of 
cure, and (c) by varying the type 
and/or quantity of filler. For this rea- 
son specific values can only be as- 
signed to mechanical and electrical 
properties for a definite type of ma- 
terial. Certain general properties are 
valid for hard rubbers as a group, 
however, and these may help to fix 
the broad fields of application of the 
materials. 


Properties of Hard Rubbers 


The most important general prop- 
erties are: 

Chemical Inertness—Hard rubbers 
have a good resistance to deteriora- 
tion in contact with water, acids, al- 
kalies, saline solutions, vegetable and 


The combination of chemical, physical 
and electrical properties available in 
hard rubbers makes them useful to the 
engineer for a variety of purposes. 
















animal fats and oils, and alcohols. } 
is attacked by such oxidizing acids, 
nitric acid over 16° Baume and s 
furic over 50° Baume, and is so 
tened and swelled by such organi 
solvents as aniline, benzol, carh 
tetrachloride, and carbon bisulfidé 
Silver, brass and copper may be w# 
nished by the sulfur in hard rubk 
if the metals remain in contact wit 
it for several days or longer. Wher 
this must be avoided, special com 
pounds of the hard vulcanizate a 
available. 


Effects of Heat and Flame—A im lig! 
temperature of about 130 F mos ode 
formulations of hard rubber will le can 
gin to soften. Special heat-resisuniyy wi! 


formulations will not soften appreciy tha 
ably until a temperature of about |S det 
F is reached. In general, 170 F can ki W/! 


taken as the temperature limit {gm plic 
long-time exposure. Certain synthe selc 
compounds soften at higher tempe iy or 
atures. At higher temperatures ty Spe 


elit 
















compound may become sufficient] 
flexible to permit a certain amount ¢ 
shaping, and this thermoplastic prop 
erty is made use of in postformit 
certain kinds of tubing. The materi 
regains its original hardness up 
cooling, though repeated heating at 
cooling may cause dimensiot! 
changes. When exposed to opi 
flame, hard rubber will burn readil 
with a smokey flame. It is slight! 
more difficult to ignite than wo 
Nonflammable compounds: can * 
prepared if desired, however. 

Effects of Light—Strong light, 
particularly direct sunlight, will cau 


ber 
Orl 
alsc 
tict 


the surface of hard rubber to disco! On 
and to become dull. Only the suri“ OP: 
is affected. Wiping or polish: ig wil ver 
correct the dulling. Another e‘fec ® of 
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light is the production of a slight 
‘odor in the rubber. The odor usually 
cannot be detected by smelling, but 
will be picked up by. certain foods 
that readily absorb vapors. It can be 
letected by several delicate tests. 
® While it is unimportant in most ap- 
plications, it may be a factor in the 
selection of the material for use near 
or in contact with absorptive foods. 
Special formulation can reduce or 
eliminate the odor. 
Electrical Resistance—Hard rub- 
ber is an excellent electrical resistor. 
Other electrical properties are good, 
also. Special formulations, and par- 
ticularly the use of special fillers, 
give best properties in types of severe 
service 
Heat Conductivity—Hard rubber 
etter conductor of heat than 
but conducts less readily than 
F met ir glass. 
: Expansion—The coefficient 
al expansion is about 0.00004 
leg. F for most grades. 
rubber, sometimes called eb- 
akes a high polish, and is 
in usual commercial sizes. In 
n sheets it is translucent, and Hard rubbers can be ground wet or dry. Wet grinding, as shown here, produces smooth, 
ownish color. It can be ma- black, high gloss. 
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Before curing, hard rubber can be molded, calenderedy or can be extruded as shown here. 


chined readily, and threads can be cut 
or tapped into it with a little care. It 
develops a static charge more readily 
than other materials similar in ap- 
pearance when rubbed with a silk or 
wool cloth, and this property is some- 
times used as a rough means of iden- 
tification. 

The material is usually hard enough 
to resist indenting with the finger- 
nail, but some of the softer vulcan- 
izates can be indented slightly. Soft 
vulcanizates of hard rubber—that is, 
vulcanizates in which the sulfur con- 
tent is above about 25%, but having 
an incomplete cure—will harden up- 
on aging over a period of about two 
years. 

Before curing, the material can 
be molded, extruded or calendered. 
Tubes are produced by extruding the 
uncured stock on a mandrel or by 
slipping it on a mandrel after extru- 
sion. Cure is completed on the man- 
drel, saving the cost of molds. While 
hard rubber in solid pieces cannot be 


joined by fusing, the finely divided 
material can be formed by heating to 
high temperature under pressure in a 
mold, the process resembling com- 
pacting in powder metallurgy. 
Adhesive bonding.can be a¢com- 
plished with special adhesives. These 
are rubber-base cements, and are fre- 
quently cyclized rubbers. 
Calendering develops directional 
properties in the rubber. These are 
important in estimating and offset- 
ting shrinkage, as the shrinkage is 
more pronounced with the grain. 
Strength is similarly affected. In re- 
shaping of formed pieces the orienta- 
tion of the grain is again important, 
as reshaping is best done with the 
grain. Heating for reshaping can be 
done’ on a hot table, or in water 
heater to just below the boiling point. 
No elaborate reshaping is possible. 
Shrinkage in the rubber-sulfur mix- 
ture during vulcanization is about 
5%. Hard rubber dust is frequently 
added to the mixture to help control 


Strength Properties and Uses of Two Groups of Hard Rubber 











% Sulfur Tensile 
Content Strength, Psi. % Elongation Typical Uses 
25-35 2500 38 | Semi-flexible sheet, tubing, etc. 
6500 8 
35-50 6500 8 Knife handles, electrical insu- 
9000 5 lators, pipe and fittings, sheet 
insulators, chemical equipment. 















shrinkage and to limit distortio., |; 
also helps to control the liberation of 
heat during the exothermic reac: ion 
Other nonfibrous fillers that are sume. 
times used in hard rubber form lg. 
tions are clay, whiting, silicates 
ground quartz and ground mica 
While some of these improve certain 
specific properties, hey are for the 
most part diluents only. Fibrous fillers 
are not much used, but asbestos and 
cellulose fibers are added to some 
special formulations. 

Plasticizers, such as heavy oils 
some vegetable oils, and mineral rub. 
ber, form another group of materials 
in the formulation. Liquids or soft 
solids, they can be used to provide a 
degree of flexibility to special formu. 
lations. 


Two Main Types 


Hard rubbers can be considered in 
two groups, on the basis of properties 
and uses. These are based upon arbi- 
trary limits of sulfur content. They 
are: 

(1) About 25 to 35% sulfur con- 
tent. These hard rubbers are rather 
flexible, but tend to harden upon ag- 
ing. They have good electrical prop- 
erties, and good acid resistance. A 
longer cure may increase hardness, 
and the properties can be varied by 
the type. and amount of filler used. 
This type once provided the basis for 
storage battery cases. 

(2) About 45 to 50%, sulfur con- 
tent. While 42% of sulfur based on 
rubber hydrocarbon is the theoretical 
maximum, this is often exceeded in 
practice, and sulfur content may be 
50%. These are the rigid types; the; 
show little embrittlement upon ag: 
ing. Chemical and electrical proper- 
ties are better than for the softer vul- 
canizates. These are the hard rubbers 
most used in industry, and are called 
the ebonite types where that designa- 
tion is used to denote a superior ma- 
terial. 

The combination of chemical, 
physical and electrical properties in 
hard rubber have given it some 
important applications. One of the 
typical large-scale uses is in the manu: 
facture of battery cases. Here the ma 
terial maintains high electrical prop- 
erties while continuously in contact 
with a strong acid. Such highly cor 
rosive acids as hydrofluoric ac 
concentrations to about 50%, have 
no effect upon hard rubber. Chemica 
equipment and electrical resistors af 
two other important fields of applic 
tions and serve to show the im 
tance of hard rubber as an engi eet 
ing material. 
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Heavy Gage Copper Welded by 
Inert-Gas-Shielded Arc Process 


by JOHN D. KELLEY, Welding Superintendent, The Vulcan Copper & Supply Co. | Fusion welds in copper— 


always difficult—can now 

be satisfactorily made on 

thicknesses up to % in. 

with this relatively new 
process. 





@ PRODUCING A FUSION BOND in 
copper has always been a somewhat 
more difficult matter than the fusion 
welding of steel. The high thermal 
conductivity of the metal which 
causes the heat to dissipate rapidly 
from the zone of fusion makes most 
gas welding methods difficult, and 
the high electrical conductivity com- 
plicates resistance welding methods. 
Also, copper-silicon alloys of the 
Everdur type have given trouble in 
gas welding because of the readiness 
with which the material absorbs gas. 
As a result of these difficulties, cop- 
per has usually been joined by brazing 
or soldering, in which an alloy melt- 
ing at a lower temperature than the 
copper itself has formed the bond. 
While silver brazing is quite satis- 
factory for light gages of copper, and 
is the preferred method for practically 
all work in these weights, it becomes 
more difficult and costly when the 
metal thickness approaches 1 in. 
Large vessels such as those used in 
the chemical industries frequently 
use stock exceeding this thickness, 
and for such work a modification of 
the inert-gas-shielded arc welding 
method was developed. This has 
given excellent results with copper 
up to and including ¥-in. thickness. 
The same process is also used with 
the copper-silicon alloys, with light- 
gage stainless steel, and with alumi- 
num. 
Either argon or helium is used as 
the shielding gas. A tungsten elec- 
: trode strikes the arc, and filler metal 
Se hs aa: ‘ is introduced from a second rod. The 
: equipment is of the standard type 
used in either Heliarc welding or 
posite picture shows the large welded copper pressure vessel and details of the Heliwelding, as this welding process 
joint design. is more popularly known in the trade. 
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Welding a Copper Tank 


One particular job, which required 
the welding of %-in. thick copper, 
was the construction of a cylindrical 
tank 36 in. in dia. and 28 ft. 8 in. 
long, closed at one end. The shell 
and head were fabricated of cold 
rolled deoxidized copper; hard drawn 
deoxidized copper was used for the 
nozzles. The circumferential seams 
joined the sections to form the 
cylinder, and the head was similarly 
welded in. Before actual construc- 
tion was started upon the tank, phy- 
sical test specimens were made with 
the following results: 





Section- 
tensile test 29,100psi. 

29,600 psi. 

(Both specimens broke about 
1 in. from edge of weld) 


Free-bend test 33.3% elongation 
40.0% elongation 
Face-bend test no evidence of 
cracking or tearing 
Root-bend test no evidence of 
cracking or tearing 
Side-bend test no evidence of 


cracking or tearing 


The technique used involved pre- 
heating the copper to approximately 
1000 F. The high heat of the arc, up 


Before actual fabrication began on the tank, mechanical tests were made on welded test 
specimens. Top: section tensile test bar. Bottom left: free-bend test bar. Bottom right: 
root-bend test bar. 
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to about 5000 F, is concentrated to 
a great extent at the location of the 
weld by the rapidity of the process 
However, even with the speed of the 
arc, the preheat was necessary to pre. 
vent dissipation of the heat to , 
degree that would affect the speed 
of welding and the quality of the 
weld. In fact, preheating to tempera. 
tures in excess of 1000 F assist the 
welding even more, but the difficul. 
ties and hardships that the welders 
undergo outweigh the technical gains 

The high preheat incurred certain 
limitations, the most important being 
that all the welding had to be done 
from the outside on small diameter 
equipment as it was impossible for ; 
workman to endure the heat inside 
the tank even if he were supported 
out of contact with the hot metal 
On larger diameter vessels this weld. 
ing could be done inside or outside, 

Four passes were required for each 
seam. By using backup rings behind 
each girth seam, tack-welding them 
in place, and welding through from 
the outside to build up the bead, the 
problem of filling the groove from 
one side only was solved. After the 
seam was completed the backup ring 
was chipped out and the inside of 
the seam was ground down smooth. 

The filler. metal rod was copper 
with about 0.25% silicon, the silicon 
serving as a deoxidizer. Because of 
the concentrated heat of the arc there 
was little oxidation of the copper- 
base metal. No flux was used, afford: 
ing another saving over gas welding. 

The copper sections were beveled 
at the line of weld for the entire 
thickness of the metal, so that when 
the sections were butted together the 
groove thus formed extended through 
to the backup ring. The first bead 
was burned through the root of the 
groove and into the backup ring. 
Direct current was used, with a 
amperage of about 275. A welding 
speed of about 15 min. per ft. ol 
welded joint was maintained. 

Succeeding passes filled the groove 
entirely. The fourth pass built up the 
bead above the level of the cylindrical 
surfaces, permitting grinding down 
to a smooth and level surface, if de 
sired. In the case of the tank, it wa 
not necessary to produce this flush 
surface on the outside, but the inne 
surface was smoothed down for set: 
vice reasons. 

Tests are now under way to cetet 
mine the feasibility of the inert-ga 
shielded arc method of welding fo 
still heavier sections of copper an 
other metals. [See MATERIAIS & 
METHODS, Jan. 1950, p. 53—T/é 
Editors | 
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A NEW MATERIAL PREVIEW 


e BECAUSE IT DOES NOT work 
harden rapidly, a new stainless steel 
developed by The Carpenter Steel Co. 
is expected to find wide use in the 
making of such parts as cold headed 
bolts, recessed head screws, and other 
parts that require severe cold coining 
and extrusion. The material, known 
as Carpenter Stainless No. 10, is a 
chromium-nickel austenitic steel 
which approximates 18:8 stainless in 
its corrosion resistance, The new steel 
is being used successfully in auto- 
matic nut-making machines. Type 
analysis of the stainless follows: 0.08 
max. carbon, 16.00 chromium, and 
18.00% nickel. 


Carpenter Stainless No. 10 has 


corrosion resistance slightly better 


than stainless types 302, 304 and 305. 
It resists a wide variety of organic 
and inorganic chemicals and food- 
stuffs. Resistance to nitric acid is good 


New Stainless Steel Used for 
Cold Headed and Upset Parts 





and sulfuric acid moderate, but the 
material is not to be used with hydro- 
chloric and other halogen acids. No. 
10 is subject to intergranular corro- 
sion; therefore, if heated or cooled 
slowly in the range of 800 to 1650 F, 
it should have a corrective anneal by 
water quenching from at least 1900 F. 


Workability 


Carpenter Stainless No. 10 can be 
readily blanked, formed, swaged, ex- 
truded, coined and upset. Because it 
has a slow hardening rate when cold 
worked, it can be used where drastic 
cold working is required. Likewise, 
the steel can be forged, hot headed, 
upset and riveted satisfactorily. How- 
ever, after hot working, the steel 
should be reheated to at least 1900 F 
and water quenched to prevent inter- 
granular corrosion. 


Physical and Mechanical Properties of Stainless No. 10 





Physical Constants 


— 
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Density (Ib. per cu. in.) 0.29 
me, Melting point range 2550-2650 F 

Specific heat (Bru. per lb. per deg. F) (32-212 F) 0.12 
Thermal conductivity (Btu. per hr. per sq. ft.) (212 F) 9.4 
Coefficient of thermal expansion (mean between 32 and 1200 F) 10.4x 10° 
Modulus of elasticity in tension ( psi.) | 28.0x 10° 

Loosen Mechanical Properties* 
Y strength, 0.2% offset, psi. 35,000 
lensile strength, psi. 75,000 
Elongation in 2 in., % 55.0 
Reduction of area, % 72.0 
Brinell Hardness 145 
R ckwell B Hardness 80 

*4 ‘ 


| tensile test at room temperature on 1-in, round after water quenching from 2000 F. 


Because it does not work-harden 
rapidly, this new 18:8 steel can undergo 
drastic cold working operations. 





This carriage bolt is now practical to make 
by cold upsetting. 


The new steel machines about like 
Type 302 stainless steel, although it 
does not tend to glaze like the more 
common 18:8 steels. Chips are tough 
and stringy, so machining is aided 
by chip curlers and breakers. Speed 
of between 40 and 85 surface ft. per 
min. are used in turning operations. 

Stainless No. 10 can be welded, 
brazed and soldered. Using stainless 
rod for welding will result in a tough 
weld, but the entire assembly should 
be heated and water quenched to 
prevent intergranular corrosion. The 
properties of this new stainless are 
summarized in the accompanying 
table. 

The new stainless is being pro- 
duced on a commercial scale in the 
following forms: forging billets, hot 
rolled bars and forgings, cold drawn 
and ground bars, wire and wire rods. 
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Formability of Strong Aluminum Alloys 


Improved by Re-Solution Treatment 


This method, which is useful when 14S, 

24S and R301 are to be formed, does not 

lower strength properties when alloys are 
fully-aged after forming. 


@ ALUMINUM ALLOYS as a class 
are noted for their excellent ductility 
and good formability. However, the 
stronger and more highly alloyed 
compositions, notably 14S and 24S 
used extensively by the aircraft in- 
dustry, do not measure up to the 
weaker alloys in this respect. Because 
of the rapid aging properties of these 
alloys, it has been necessary to form 
them almost immediately after solu- 
tion heat treatment or to hold them at 
low temperatures (32 F or less) to 
retard or arrest age hardening until 
forming operations can be performed. 
Another little known method, called 
re-solution treatment, has been de- 
veloped for improving formability of 
strong aluminum alloy sheet when in 
the solution heat treated and room 
temperature aged condition. 

This process, developed by the Alu- 
minum Research Laboratories of the 
Aluminum Co. of America, briefly 
consists of heating the alloy at slightly 
elevated temperatures for a short pe- 
riod and then air cooling to room 
temperature. The present article de- 
scribes the treatment in some detail 
and how it is being applied to several 
high strength aluminum alloys. 





Nature of Treatment 


Aging curves at 300 to 400 F for 
alloys of the 14S and 24S types in the 
solution heat treated and room tem- 
perature aged condition show losses 
in tensile yield and ultimate strengths 
after short heating periods. This ini- 
tial period of reduced strength is 
followed by a period of increasing 
strength which ultimately reaches the 
fully aged condition of the alloy. A 
short-time aging curve for R301-T4 
aluminum alloy at 350 F is shown in 
Fig. 1. This shows that after heating 
at 350 F for only 2 min. and air cool- 
ing to room temperature, the tensile 
strength has dropped approximately 
5,000 psi. or 8%, the tensile yield 
strength has decreased 8,000 psi. or 
21%, and the elongation has in- 
creased a small but definite amount. 
These changes in tensile properties 
point to improved workability, and 
explain the success of re-solution 
treatment in the present case. 

Procedures for re-solution treat- 
ment have been established for clad 
24S, clad 14S and R301 aluminum 
alloys in the T3 (solution heat treated 
and flattened) and T4 (solution heat 
treated) conditions. Short-time aging 


by PAUL W. BOONE, Metallurgist, The Glenn L. Martin ¢, 


curves, as shown in the accompany. 
ing figures, were prepared and used 
to establish procedures. The temper. 
tures required to obtain optimum 
properties in the above materials ar 
not at all critical; however, the time 
of treatment becomes critical as tem 
perature is increased. In order | 
allow sufficient time latitude in manv- 
facturing procedures, low temper- 
tures were selected. Alloys of the 
R301 and clad 14S types are treated 
for 30 min. at 300+10 F followed 
by air cooling. Alloys of the clad 248 
type are heated for 10 min. x 
37510 F, again followed by air 
cooling. Immediate removal from the 
oven is advisable at the end of the 
heating period in order that exces: 
sively long aging periods, with te- 
sulting increased strength, do not 
occur. 

Re-solution treatment, as noted 
previously, is used to improve the 
workability of strong aluminum alloy 
sheet, strip and plate. It is a difficult 
task to express quantitatively the 
improvement in metal formabilit 
brought about by the process. Definite 
improvement is obtained in bending 
operations. A 180-deg. bend wi 


Table I—Tensile Properties of Fully Aged Materials With and Without Re-Solution Treatment 




















Starting Yield Strength, Psi. Ultimate Strength, Elongation in 
Material Gage, In. Treatment 0.2% Offset Psi. 2 In, % 
R 301-T3 0.102 Re-solution -+- aging (1) 60,600 68,000 10 
R 301-T3 0.102 Aged only (2) 60,600 67,850 10 
Clad 24S-T3 0.102 Reé-solution -+- aging (3) 63,300 69,000 7 
Clad 24S-T3 0.102 Aged only (4) 62,800 68,800 
Each value represents the average of three specimens. 
(1) Heated 30 min. at 300 F followed by aging 8 hr. at 350 F. (3) Heated 10 min. at 375 F followed by aging 10 hr. 


(2) Aged 8 hr. at 350 F. 
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(4) Aged 10 hr. at 375 F. 
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made in 0.102-in. thick R301-T4 
material, after re-solution treatment, 
over a mandrel having a 7/64-in. 
radius, Which is 1.07 times sheet 
thickness. Excellent results have been 
obtained in brake forming operations, 
in cases Where unusually small radius 
bends are required. Outstanding ex- 
amples are the trapezoidal wing cor- 
rugations shown in Fig. 5. 

Re-solution treated materials are 
not perfectly stable. Slow aging oc- 
curs at room temperature, and in the 
case of R301 alloy, the original (T3) 
properties are regained after a period 
of about nine months (see Fig. 4). 
However, the slow rate of aging at 
room temperature allows ample time 
for forming operations that are per- 
formed in the re-solution treated 
condition. 

The strength of fully aged materials 
is not influenced by re-solution treat- 
ment. Identical tensile properties are 
obtained by re-solution treatment 
plus precipitation heat treatment and 
by precipitation heat treatment alone, 
as shown in Table I. The time of 
treatment during re-solution treat- 
ment is so short that no reduction 
in the time of precipitation heat treat- 
ment is required. 


Limitations of the Process 


It is a well-established fact that 
certain of the alloys under considera- 
tion develop reduced corrosion re- 
sistance when they are heated in the 
precipitation heat treat temperature 
range for periods of time less than 
those required to develop fully aged 
properties. This is especially true in 
the case of 24S alloy, where short 
time heating promotes susceptibility 
to intergranular attack. For this rea- 
son, re-solution treatment is recom- 
mended for use only when the prod- 
uct is later to receive full precipitation 
heat treatment. For clad 24S products, 


| the process is used only when the end 


condition is T6, T81 or T86. Clad 
14S and R301 are re-solution treated 
when the final product is aged to the 
T6 condition. 

_ Corrosion tests have been made on 
both clad 148-T6 and clad 24S-T81 
materials after re-solution treatment 
plus precipitation heat treatment. 
These tests were made in the sodium 


chloride-hydrogen peroxide solution 
commonly used to indicate the type 

k in copper-rich wrought 
aluminum alloys. As expected, re- 


solut 


treated materials (after final 
Precipitation heat treatment) are 
identical to those not re-solution 
‘reatec. As a matter of fact, all room 
‘eMpe ature aged materials that are 
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Fig. 1—Short-time aging curves for 0.091-in. R301-T4 alloy at 350 F. 
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Fig. 2—Short-time aging curves for 0.091-in. R301-T4 alloy at 300 F. 





Fig. 3—Short-time aging curves for 0.102-in. clad 24S-T3 alloy at 350 F, 375 F and 400 F. 
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artificially aged pass through the low 
strength stage during the first part of 
the heat treat cycle. Full precipitation 
heat treatment results in increased 
strength and improved corrosion re- 
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Mechanism of Re-Solution _—Fiata sirengih | mn 
Treatment 34 ~ 
The metallurgical changes that oc- 3 Pak 


cur during re-solution treatment are 
not fully explained. It is believed that 
the changes in mechanical properties 
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30 ? 

are brought about by solution (in the | 1 

24 S| 
solid state) of a portion of the pre- 5m MET A 1 y. 
cipitate formed during the period of | FIRE. RY 
room temperature aging. At one time 22 Pe — t 
it was thought that the loss of | ry 
strength was connected with the re- 0 3 6 4 12 


lief of stresses resulting from quench- Aging Time in Months 


ing and flattening operations, but this . 4—These curves show the stability of 0.102-in. R301-T3 at room temperature afte 
is not true. Re-solution treated ma- re-solution treatment for 30 min. at 300 F. 

terials are subject to very slow aging 
at room temperature. Changes in ten- 
sile properties are of the same mag- 
nitude for unflattened (T4), flattened 
(T3) amd strain-hardened (T36) 
materials, except for a somewhat 
larger percentage gain in elongation 
for the strain-hardened material as 
shown in Table II. 

In substantiation of the solution of 
precipitate idea, recent tests in the 
Laboratories of The Glenn L. Martin 
Co. have shown that the hardness and 
tensile strength of 24S-T3 sheet ma- 
terial are greatly reduced by very 
brief heating in the temperature 
range 500 to 800 F. For example, 
24S-T3 sheet when heated to 600 F 
in a molten salt bath, held for only 
2 sec. and quenched in cold water, 
is in essentially the same condition as 
material freshly quenched from solu- 
tion heat treatment at 920 F. Hard- 
ness and tensile strength approach 
those of freshly-quenched (W) ma- 
terials, and rapid room temperature 
aging occurs. Apparently the solution 
of precipitate is more rapid and more 


complete as the temperature of treat- 
ment is increased. Wing corrugations made from a re-solution treated aluminum alloy. 
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Table 11—Effect of Strain-Hardening on Response to Re-Solution 
Treatment of 24S Aluminum Alloy 














| Yield, Psi. Elongation in 
Material | Gage, In. | Treatment 0.2% Offset | Ultimate, Psi. 2 ia. % 

Clad 24S-T4 (1) 0.064 | None 40,490 | 62,570 19.5 
Clad 24S-T4 (1) | 0.064 5 min. at 375 F 36,250 58,440 22.5 
Clad 24S-T3 (2) 0.102 None 45,300 67,700 | 19.5 
Clad 24S-T3 (2) 0.102 5 min. at 375 F 40,550 63,100 21 

Clad 24S-T36 (3) | 0.064 None 52,880 | 68,100 12.2 
Clad 24S-T36 (3) | 0.064 | 5 min. at 375 F | 47,285 | 64,420 16 











Each value represents the average of two or more specimens. 
(1) Unflattened sheet. 
(2) Flat sheet. For 
(3) Reduced approximately 6% by rolling after solution heat treatment; formerly known as clad 24S-RT. 
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Deep-Drawing Galvanized Steel Retains 
Corrosion Resistance After Forming 


ee. 


A method of cleaning and applying a special zinc coating 
to flat steel strip has made practical the use of galvanized _| by KENNETH ROSE, Associate Editor 
stock for deep-drawn parts such as those described here. 





ifter 


@ GALVANIZED STEEL is one of the 
lowest-priced corrosion-resistant met- 
als. The zinc coating over the surface 
of the steel, when of sufficient thick- 
ness and in a continuous layer, pro- 
vides excellent protection against 
atmospheric corrosion, and is ade- 
quate for immersion in water. It also 
provides limited protection against 
some chemicals. Acids and alkalies 
attack the zinc layer, the rate of attack 
depending upon various conditions 
under which exposure to the corrod- 
ing substance takes place. 

As the protection is no better than 
the zinc layer, however, galvanized 
steel has been somewhat limited in 
its uses. Machined parts are useful 
only when galvanized after machin- 
ing, so that coarse fits have been the 
best that could be hoped for. Forged 
parts must likewise be galvanized 
after forging. Welding destroys the 
zinc film locally, and special protec- 
tion is required. Cold forming usu- 
ally causes some flaking of the coat- 
ing, and again special protection 
must be given if the full corrosion 
resistance of the original material is 
to be maintained. 

A process for applying the zinc 
coating after special treatment of the 
steel holds out the promise of widen- 
ing galvanized steel’s field somewhat. 
Coated steel produced by this method, 
while as unsuitable as any other for 
machining, forging or welding, is 
capable of being deep-drawn without 
damage to the zinc coating. Most 


ae galvanized steels can be cold formed 
orming parts for a home laundry drier from “Zincgrip,” a deep-drawing galvanized steel. to only a small extent before flaking 
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or peeling of the zinc layer takes 
place. Corrosion resistance is then 
no better than the paint or other 
protective finish applied after form- 
ing. Steel galvanized by this patented 
process retains the high corrosion 
resistance imparted to the flat stock, 
and so need not be regalvanized nor 
otherwise treated after forming un- 
less special properties, such as added 


. STE - 
: 350 





Results of ball impact tests to determine 

adherence of zinc coatings. Top: Test on 

ordinary galvanized steel shows flaking. 

Bottom: Test on special deep-drawing gal- 

vanized steel shows no flaking of zinc 
coating. 








The corrosion resistance of this washing machine 
wringer cover made of Zincgrip and Bonderized is 
not impaired by the deep draw and requires no further 
treatment before painting. 


protection or color, are desired. 

The process consists’ of a method 
of cleaning and applying a special 
zinc coating to flat-rolled strip in a 
continuous process. Cleaned strip is 
passed through a furnace having a 
reducing atmosphere, consisting of 
hydrogen and nitrogen, which re- 
duces iron oxides to the metallic state 
and protects the cleaned surface. The 
furnace also performs the important 
function of annealing the steel. In 
the next step the strip passes into a 
bath of molten zinc for the galvaniz- 
ing dip. Formation of the brittle 
iron-zinc alloy layer, which causes 
flaking in ordinary galvanized steel, 
is suppressed by using a zinc bath 
of controlled composition. The gal- 
vanized stock is also produced with 
a Bonderized finish for parts which 
are to be painted. 

Patents are held by Armco Steel 
Corp., which has been making zinc 
coated sheets and strip by this method 
for about 12 years. Recently, how- 
ever, these patents have been made 
available for license. 


Typical Applications 


Illustrating the use to which man- 
ufacturers are putting this deep- 
drawing galvanized stock, a maker 
of farm equipment has found that a 
cylindrical bowl for a fertilizer unit 
can be drawn from the flat steel with- 
out regalvanizing after forming, and 
without loss of corrosion resistance. 
The bowl is 9 in. deep and 10) in. 
in dia. in the bow] itself, with a flared 
rim 13\4 in. in dia. The fertilizer 


can part is drawn in two operations 
the first step drawing the cup, anj 
the second flaring the rim. 

For a domestic washing machine 
a wringer cover has been deep-crawy 
to shape, and decorative emb: 'SSing 
pressed in. Some of the bending 
radii are quite small, but the ‘de 
coated stock has given satisfaction jp 
the rather severe service to which jt 
is put. 

A refrigerator pan, rectangular in 
shape, has been drawn from flat gal. 
vanized sheet in one operation. Bend. 
ing radii at the corners are small 
and the metal is severely worked a 
these locations, but there has beep 
no flaking of the zinc coating. 

A fishing tackle box made of gil. 
vanized steel is sold in the unpainted 
condition, so that it does not have 
the benefit of any protection other 
than that afforded by the zinc cout. 
ing. Both the case and the shelve 
are drawn from the galvanized stock 
Not only is corrosion resistance ade. 
quate, but the steel has a bright 
metallic appearance that is attractive 
in itself. 

In addition to sheet with a hot-dij 
zinc coating over mild steel, the pro- 
tective metal is laid down over sever:l 
slightly more corrosion-resistant fer- 
rous bases by Armco. Ingot Iron 
sheets, made of the more highly te- 
fined iron, are galvanized by the same 
process, and available as a standard 
product where additional corrosion 
resistance in the base metal is impor- 
tant. Another alternative base metal 
is a copper-bearing steel containing 
0.20% copper to improve properties. 


This special zinc coated steel can be corrugated and roll 
formed without failure of zinc coating. 
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by F. S. HYDE, Scovill Manufacturing Co. 


e ABOUT FIVE YEARS ago this 
magazine published its first “Mate- 


S rials & Methods Manual,” entitled 


Selecting Production Methods for 
Small Parts,” defining “small parts” 
as being no more than approximately 
|2 in. in any dimension and 50 Ib. in 
weight. Eighteen methods of fabrica- 
tion were explained and tabulated as 
to such factors as material cost, tool 
and die cost, labor cost, losses, etc., 
etc. Many statements would undoubt- 
edly have to be drastically revised 
because of advances made since then 
in metallurgy, techniques of the vari- 
ous methods, improved mechanical 
equipment, etc., but it is still an in- 
valuable hand book for the design 
engineer. (This manual has been 
revised and republished as Manual 
No. 54 in the Dec. 1949 issue—The 
Editors.) 

It is not the opinion of this writer, 
nor is anything in this article to be 
so construed, that a nonferrous hot 
die pressing is the answer to all de- 
sign, cost, mechanical or other prob- 
lems, but from past experience it is 
evident that a great many firms could 
save a great many dollars if the ad- 
vantages of hot die pressings were 
studiously considered before a part 
is desivned as a casting (by any of 
the various casting methods), to be 
turnec from bar stock or in some 


cases made as an assembly, only to 
ind later that the part is unsuitable, 
(00 Cos'ly per se, or too costly because 


of rejections or subsequent opera- 
“ons. As the writer’s company is 
engage’ in the manufacture of sand 
Castine: screw machine and headed 






FEBR 


1950 


'ARY, 


The Case for Nonferrous Hot Die Pressings 





products, stampings, hot die pressings 
and assemblies of small kinds, our 
first consideration is which method 
of production will be the most satis- 
factory and most economical. This 
article is therefore impartial. 


Die Pressings vs. Castings 


The old saying about the inventor 
dreaming up a shape that “can't even 
be cast” is even more pertinent to die 
pressings because, of course, the 
limitations as to shape, undercuts and 
cavities are much more severe than 
in a casting, the process of die press- 
ing being, in general, the pressing 


In the constant search for the most eco- 
nomical and satisfactory metal form, 
materials engineers should not fail to 
consider the many advantages of die 
pressings. This article impartially com- 
pares them with castings, screw machine 
parts, and built-up assemblies. 


of a plastic (heated) slug between 
reciprocating dies. 

The first question to be answered 
is whether a casting will be satisfac- 
tory—that is, will a cast structure 
satisfy all the requirements of ap- 
pearance, machinability, tool life, 
strength and non-porosity (as for 
pressure valves) and cost. If so, a 
casting should be bought, as both 
the material and production costs 
would undoubtedly be lower. 

Appearance—the uniform appear- 
ance, fine definition of shape and 
lettering in die pressings are tangible 
advantages. ( Note in the accompany- 
ing illustration the cast letters at the 





Uniform appearance and fine definition of detail are two advantages of die pressings. This 
is illustrated by the die pressing at right, compared to the casting on the left. 
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left and the forged lettering in the 
die pressing at the right.) 

Machinability and Tool Life — 
While the lead content of castings 
can be greater than in die pressings, 
the usual 2% lead in the latter makes 
them readily machinable. Further- 
more, the uniform grain structure of 
pressings and total absence of silica 
inclusions and blow holes give much 
greater tool life and, therefore, less 
interruption to production. Also, the 
closer dimensional tolerances to 
which pressings can be held not only 
permit faster handling, as when plac- 
ing in holding jaws for machining, 
but because of absence of “mis- 
match” or eccentricity fast automatic 
machining equipment can be used 
without costly tool adjustments for 
varying dimensions. 

Strength and Porosity —Copper- 
base alloys having tensile strengths 
close to 100,000 lb. can be hot die 
pressed and aluminum alloys of only 
slightly lower strengths are also 
available, but there is not the wide 
range of compositions and colors that 
can be had as castings. In general, a 
material having between 61 and 90% 
copper content, regardless of other 
constituents, cannot be readily hot 
worked. Of late, hot working, free 
cutting alloys have been developed 
particularly for the hardware indus- 
try to match the colors of 85-15, 
85-5-5-5, 90-10 and 95-5 castings or 
sheet metal. 

The fine grain structure and entire 


absence of porosity make die press- 
ings a “must” where pressures are 
involved, either gaseous or liquid, 
and they are used almost exclusively 
in the compressed gas and liquefied 
petroleum gas industries for cylinder 
valves, regulator bodies and all kinds 
of appliances. 

Too often the engineer or buyer 
looks at the initial cost of an item and 
decides that a die pressing will be 
too expensive because of its initial 
cost, overlooking the operations to 
be performed which may make it the 
least costly “at point of assembly.” 
Factors already mentioned plus a 
certain (or uncertain) percentage of 
rejected castings after work has been 
performed on them, together with 
the greatly reduced cost of preparing 
a die pressing for plating (such as 
grinding and buffing), often will 
show a substantial net saving when 
die pressings are used. 

The initial die cost, or fitting-up 
charge, will probably appear excessive 
in comparison to the mold and pat- 
tern charge for a sand casting, but 
dies usually are replaced (after wear 
or breakage) by the seller without 
charge to the buyer and, therefore, 
the die cost can be amortized over 
the expected number of die pressings 
to be produced. 

As compared with permanent 
mold, centrifugal or pressure die 
castings, the above statements must 
be modified, because by these methods 
castings can be held to closer toler- 















































Turned from Brass Die Pressed 
5605 Ib. @ 0.2134 Base 2957 Ib. 0.2134 Base 
O01 Size Extra .0000 Size Extra 
2234 2134 
—.01 Quantity —.01 Quantity 
Differential Differential 
2134 June 20, 1949 .2034 
5 605 Published Prices 
Sie for Rod 
; —.005 Price Differential 
$1196.11 for Extruded Rod 
3320 lb. 
Turnings aan 
@ 0.09625 319.55 rah 
$ 876.56 NetCost $586.67 
426 lb. 
Heavy Scrap 
@ 0.105 44.73 
$541.94 
246 lb. 
Turnings 
@ .09625 23.68 
$518.26 Net Cost 
$876.56 
518.26 
$358.30 Net Saving on Metal 
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ances and better surtace finishes ay, 
much more intricate coring and ¢,. 
sign can be accomplished. The dj 
cost here would probably be in fay, 
of die pressing. The grain structuy 
is still that of a casting and ny 
wrought metal. 


Die Pressings vs. 
Turned-From-Bar Parts 


By far the greatest proportion of 
nonferrous items made on automati 
screw machines are of such a six 
that they cannot be made practically 
as die pressings. However, when th 
quantity involved warrants an auto. 
matic machining set up (such x 
Kingsbury or automatic shucking 
machines) and the rough weigh 
(initial weight of rod per piece l.. 
fore any work) of the pressing j 
considerably less than the rough 
weight of the screw machine par, 
enough material can often be save 
to offset the more expensive machin. 
ing Operations. 

For instance, the cap nut, Fig. | 
can be made from hexagon bar stock 
with a secondary operation to mil 
the square. If so made, the amount 
of metal used per 1000 pieces is 5605 
lb. The finished weight is 2.285 h 
each, or 2285 lb. per thousand, » 
3320 lb. of scrap are generated. | 
made as a die pressing, the squar 
and hex are finish-formed. A mono 
gram can be raised on the squat 
(A) or from a sunken pad (B) with, 
of course, forging tolerances on the 
square of approximately 0.0075 in 
and the same on the hex, but closer 
if necessary, on the hex by trimming 
and shaving (removing the “flash 
or excess metal of the pressing opeti- 
tion by pushing the part through : 
die and then through a second di 
which actually shaves the hex pot 
tion). By this method round 10 
1% in. in dia. as extruded is use 
and the rough weight is only 29) 
lb. per thousand, or a saving of 264 
lb. of metal. For an order of 10,00) 
pieces the metal cost (only) pé 
1000 pieces works out as shown # 
left. 

The machining, all on the under 
side of the hex, can be done in 
automatic chucking machine in ot 
setting at a total cost that will! show 
a net saving of about $0.19 each 0 
the finished product. 

While this is not an extreme Ca% 
it must be remembered that scte# 
machines are continually being ™ 
proved and the spindle speeds 2 
feeds being increased whereas the be 
die pressing method is still !imit 
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Fig. |—This cap nut could be made either from hex stock or as a die pressing. By latter 
method, considerable savings in material and machining are realized. In addition, sunken 
or raised initials are possible in pressings. 


by the human element, as slugs must 
be caken from the furnace and placed 
on the die by the operator. More- 
over, even with the price differential 
on rod in favor of the pressing 
method, considerable weight must be 
saved to offset the additional machin- 
ing cost, and the die-pressed dimen- 
sions (not subsequently machined ) 
must be acceptable with the wider 
tolerances required by that method. 


Die Pressings vs. Assemblies 


The sketch A, Fig, 2, shows an 
assembly of a tapped tube and a hex 
nut turned from bar stock, screwed 
together, and then soldered to insure 
pressure tightness at the joint. 

The assembly was entirely satis- 
factory except that every one required 
a hydrostatic test to insure no leakage 
at the soldered joint. A percentage 
were found to leak and these had to 
be disassembled, cleaned of solder 
and then reassembled and resoldered 
as the purchase specification did not 
permit repair without disassembly. 

The specification was subsequently 
fewritten to call for one-piece con- 
struction, and an extruded die press- 
ing as shown in B was designed. 
Contrary to expectations, the cost of 


the part was less than that of the 
former assembly, due to the omission 
of the soldering and testing opera- 
“ons, lower cost of material and the 
fact that, except for cutting the 
thre: on the right-hand end, all 
mach 


ng was done in one opera- 
> o.d. being held to size. 
Frequently also, elimination of a 


tion, 
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soldering operation or the use of 
some fastening device can be achieved 
by the inclusion of small studs on the 
die pressing. Mating holes in the 
part to be assembled can be fitted 
over these studs and the studs headed 
over because most alloys suitable for 
die pressing can be cold worked to 
some extent. 


Summary 


As stated previously, it is not the 
claim that hot die pressings are the 
answer to any and all problems, but 
their inherent qualities and relatively 
low cost must be considered if the 
engineer is to arrive at a satisfactory 
conclusion. The art of hot die press- 
ing is not static and parts can be 
made today that would have been 
considered impractical, if not impos- 
sible, five years ago. The best way 
to arrive at the satisfactory conclusion 
is to call an engineer who can furnish 
the required technical information, 
discuss with him the problem or 
problems involved, and then let his 
draftsman design the piece you need. 
In this way the part can be laid out 
for most economical production and 
without sharp corners and unneces- 
sarily close tolerances that add to the 
cost by cutting down die life or per- 
haps requiring extra operations. It 
is, therefore, a question of “give and 
take” before the final design, toler- 
ances, material, etc. are agreed upon 
and a quotation made. In the event 
of an order it is always desirable for 
the seller to supply to the buyer a 
drawing of the part showing all 
dimensions, tolerances, radii and fil- 
lets and thus avoid any later misun- 
derstanding as to what was to be 
supplied. 


Fig. 2—A tapped tube and hex nut made as a build-up assembly (top) and the same part 
produced as a die pressing (bottom). 
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Materials at Work 


Here is materials engineering in action . . . 
New materials in their intended uses . . . 
Older, basic materials in new applications . . . 





CELLULOSE ACETATE BUTYRATE KE! 


Double-molded for clarity and permanent 
of insignia, the cellulose acetate butyit 
Tenite keys of the Marchant calculot 
have sharply defined, non-bleeding cols 
and a smooth flush surface without t 
usual dust-catching depressions. The double 
molding process, which eliminates mo 
extra finishing operations, involves a singt 
composite mold and two colors of the pla 
tic. The insignia on the keys cannot! 
effaced through continuous use because 
the chip-proof and peel-proof characteristié 
of the plastic used. 


STEEL DIE BLOCKS — Claimed to! 


the largest and heaviest die blocks 
made in the Pittsburgh plant of Hep 
stall Co., these steel forgings mé ssure | 
by 44 by 160 in. and weigh 32,100 'b. 4” 
the desired impressions were made, 
huge blocks were used to forge «lumi 
alloy rounds 612 in. in dia. 
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CARBIDE SCRAPERS Application of cemented carbides for reconditioning 


machine tool slides, bearings, lathe ways, and other machine parts effects con- 
siderable savings and increased efficiency over conventional reconditioning equip- 
ment. Standard Carboloy cemented carbide blanks brazed to old files and ground 
to shape provide effective scrapers that do not scratch or gouge the surface being 
scraped and retain a clean sharp edge for a much longer time. Carboloy Grades 
905 and 883 are used, due to their extremely high abrasion resistance and high 
degree of toughness. A 4-deg. negative rake ground on the tips with a 220-grit 
diamond wheel eliminates any tendency of the scrapers to jar or chatter. 


LIGHT ALLOY MOTOR GRADER 


This motor grader, light enough to travel 
by air, and capable of doing any job stand- 
ard models can perform, weighs 17,000 Ib. 
and is manufactured by the Austin-Western 
Co. Through the use of aluminum and 
magnesium alloys in place of steel, the 
machine is approximately 3 tons lighter 
than conventional graders. The unit is 
fitted with ballast boxes to hold it down 
during operations. Its 80-hp. Diesel engine 
drives all six wheels, with six forward speeds 
ranging from 1.9 to 15 m.p.h. Front and 
rear steering are operated hydraulically. 
In addition, the blade lift, circle reverse, 
circle high lift, and blade side lift scarifier 
operations are power controlled. 
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the ple 7 Say ee | ARMORED ALUMINUM TRUCK 

cannot | 2 Designed and manufactured primarily to 

eh id Jeieh- 2 achieve security plus comfort in hot cli- 

acter @e ‘os ¥ sates mates, this Mack Model EE armored truck 

7 was recently shipped to the Treasury Dept., 

Republic of Cuba. Constructed of aluminum 
over an all-steel frame, the inside body 
walls are Alcoa Dural 24-ST aluminum 


recause 


armor plate. Windshield and windows are 
bullet-proof glass. The flooring is dia- 
mondette steel plate. To combat tropic 
heat, the body sides and roof are insulated 
with 2 in. of fiber glass. The entire vehicle 
is finished with aluminum paint to afford 
the highest degree of heat reflection. 
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Materials at Work 


STAINLESS STEEL HEAT EXCHANGER = Reportedly the first fully 


standardized all-stainless steel heat exchanger to reach mass production, 
this unit is manufactured by Ross Heater & Manufacturing Co., Inc. 
Similar in design and capacities to standard copper and copper alloy 
exchangers, the new model utilizes stainless steel to avoid contamination 
of fluids or corrosion by fluids. It can withstand pressures to 450 psi. 





- Ee 


RUBBER DIL WELL BEARING Development of a rubber bearing for use in the evener assembly of oil well pumpin 


units by the U. S. Rubber Co. and Cabot Shops, Inc., reduces from 100 to 38 the number of parts required for pumping ut 
construction. The bearing greatly reduces the shock load compared to the conventional type bearing, and wears at /eo 
twice as long as the standard type installation. It also eliminates lubrication since the assembly requires no frictionol) 
sliding or roller parts; it resists salt water, sand, grease and grit; and since the rubber flows and flexes within itself, ther 


is no initial friction to be overcome, and almost no wear as long as flexing is held within the known fatigue limits of t# 
material. 


PHENOLIC RESIN HOBBY HORSE — supplanting the wood, paper maché, plot 


and stuffed cloth formerly used for objects of this sort, a ground wood phenolic '¢" 
mixture produced by Durez Plastics & Chemicals Co., Inc. is utilized to form oa bea" 
fully realistic children’s toy. The body of the horse, designed to support a weight ® 
over 200 Ib., is completely molded in aluminum forms and is ready for finishing ™ 
trimming. Manufactured by DeLux Woodcraft Co., the hobby-horses are mounted ” 
tubular plated steel rockers and are equipped with a leather bridle and marting®% 
sheepskin saddle, mane, and tail, and aluminum stirrups. The completed unit we” 
35 ib. The ground wood phenolic resin mixture is blown into the aluminum mo!ds ove 
a wood core frame. Molding is accomplished at approximately 200 psi. at 350! 
Cure time on the 20- by 30-in. body section is approximately 20 min. 
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is is another in a series of comprehensive articles on engineering 





materials and their processing. Each is complete in itself. 
These special sections provide the reader with useful 
data on characteristics of materials or fabricated 


parts and on their processing and application 


Porcelain Enamels 


by H. R. Clauser, Managing Editor 






Because of their high durability, excellent corrosion resistance and 


attractive appearance, porcelain enamels are becoming increasingly 


ae important as coatings for metals. The purpose of this manual is to 
ng unt 


t leas give the engineer a comprehensive picture of what porcelain enamels 


tionoll ‘ . 
" thet are and what they can and cannot do, so that he can intelligently 
of appraise the possibility of using them on his products. 
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Introduction 


Porcelain enamels are becoming increas- 
ingly important as coatings for ferrous 
metals. Although porcelain enameling has 
been practiced for centuries, it has only 
been in comparatively recent years that de- 
velopments in enamel formulations and 
base metals as well as in processing meth- 
ods have rapidly expanded its use to a 
large variety of consumer and industrial 
products. And only within the past several 
years have new porcelain enamels been 
developed that greatly reduce the thickness 
of coating required while still maintaining 
high resistance to chemical attack. Also, 
during the past few years firing tempera- 
tures of porcelain enamels have been 
steadily lowered, a porcelain enamel for 
aluminum has been developed, and better 
enameling sheet stock has been introduced. 
As a result of all these developments por- 
celain enamels have a bright future and 
should be considered when a durable at- 
tractive finish is desired. 

The purpose of this manual is to give the 
engineer a comprehensive picture of what 
porcelain enamels are and what they can 
and cannot do, so that he can intelligently 
appraise the possibility of using them on 
his products. For additional information 
and help, suppliers of porcelain enamel 
materials and enameling sheet stock should 
be consulted. They are prepared to help in 
solving specific finishing problems. 

Porcelain enamels are glass-like materials 
which are fused to base metals, giving a 
tightly adhering, hard and durable finish. 
They are composed of inorganic mineral 
materials and are fused on metal at tem- 


peratures in the neighborhood of 1500 F. 
Sometimes called vitreous enamels, they 
differ from organic finishes (enamels, var- 
nishes, paints and lacquers) in that they 
consist entirely of inorganic materials and 
are baked at much higher temperature than 
organic finishes which are cured at tem- 
peratures up to around 400 F. 

The basic material of which porcelain 
enamel is composed is called frit. The frit 
is made up of three principal components: 
refractories, fluxes, and opacifiers. Refrac- 
tories are acidic materials such as silica 
and feldspar. The fluxes react basically 
and include such substances as borax, soda 
ash, cryolite, fluospar, sodium nitrate, zinc 
oxide, and lithium compounds. Metallic 
oxides such as oxides of titanium, anti- 
mony, zirconium, lead, and tin are used as 
opacifiers. Besides these, other materials 
such as various oxides are added for special 
purposes or to meet certain requirements. 

The first step in the manufacture of frit 
is to intimately mix together certain pro- 
portions of the three major components. 
The mixed batch is placed in a pre-heated 
furnace, called a frit smelter, and the tem- 
perature is raised up to around 2300 F. 
The charge becomes molten and, after a 
period of time during which gas is given 
off, is discharged into a tank of water. The 
sudden cooling causes the molten material 
to solidify and shatter, thus producing the 
basic glass-like particles which is the frit. 

Porcelain enamels are usually prepared 
from the frit in the plant where the porce- 
lain enameling is done. To the frit are 
added small proportions of electrolytes or 


ball clay, certain chemicals, and iNOrganie 
coloring pigments when colored e 

are desired. The mill additions seldom 
ceed 15% of the frit. The mixture j 
milled in a ball mill so that the frit pat 
ticles are usually smaller than 200 me) 
The enamel in this form is known as “slp* 

The first coat, called the ground coar, j 
usually applied by dip methods; finish cog 
are usually applied by spraying. One y 
three finish coats are applied. After ead 
coat, the parts are placed in a low top, 
perature oven to remove the water, The 
are then placed in the enameling furng 
and fired at temperatures ranging fr 
around 1400 to as high as 1800 F, depen 
ing on the type of enamel and base meu 
The time also varies, depending on ty 
enamel and base metal, and can range frog 
several minutes to an hour. 

On heavy iron castings the dry proc 
of enameling is often used. This involy 
heating the casting, which has been grouy 
coated previously by the wet process, » 
about 1700 F and applying the cover cg 
in the form of a dry powder. The castig 
is then placed back in the furnace whe 
the powder coating is fused to a smoo 
finish. 

Before a paft is porcelain enameled i 
must be thoroughly cleaned. Oil or grew! 
and dirt can be removed by burning d 
during stress relieving treatment, or } 
cleaning in hot alkali. Rust and scale # 
removed by pickling; sandblasting is oft 
used on heavy gage metal and on c# 
ings. 


“set-up salts,” opacifying compound, Wate, | 





Characteristics of Porcelain Enamels 


There are a number of basic facts about 
porcelain enamels that engineers will want 
to be familiar with when considering it as 
a possible finish for their metal products. 
These have to do with the protection, 
durability, and appearance characteristics 
and properties of porcelain enamels, and 
they will be discussed here in some detail. 


Color, Appearance and Opacity 


White porcelain enamels are the most 
widely used, but practically any color or 
shade of color can be had. However, not 
all colors are available in all the various 
types of porcelain enamels. In general, 
colored enamels are highly durable and will 
retain their color for a long period of time. 
If absolute permanency is required, a thin, 
clear overspray of acid resisting enamel 
can be used. Without this protection, light 
yellows and red tend to fade. 
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Porcelain enamels are produced in a 
variety of finishes from an extremely high 
gloss to a dull, full matte. They are also 
available in wood grain and marble-like 
patterns and in speckled designs and vari- 
ous other novelty patterns. Both glossy and 
matte finishes can be obtained in colors. 


Characteristics of Typical Porcelain Enamels 


Reflectance or opacity characteristic 
porcelain enamels are important bec 
they determine the hiding power of! 
coating. Opacity is usually measurec 
terms of reflectance—that is, the percent 
of a beam of light which the coating ™ 
reflect as compared to that reflected {rot 





Hardness — (Moh) 
Abrasion Resistance (PEI) 
Torsion Resistance (PEI) 


(PEI) 
Acid Resistance 
Alkali 
Solvents — Organic 
Temperature Resistance 
Weathering 
Ultra Violet Light | 
Colors 


Diffuse Reflectance (Whiteness) 
Total Reflectance 





4-6 

30-60 plus % residual specular reflectant 
0.016 in. — 20 deg. — 30 deg. 

0.009 in. — 25 deg. — 40 deg. 


Highly resistant enamels available 
Not resistant to hot alkali solutior 
Resistant to all 

600-1000 F 

Acid resistant grades not affected 
Not affected 

Can be produced in all colors 


As desired up to plus 80% Poy 
As desired up to plus 85% nt t 
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ard of magnesium oxide. For satis- 
actory hiding power, white enamels usually 
quire a reflectance of between 70 to 

One of the constant searches in the 
dustry is for raw materials and formula- 
ions which will give this order of reflec- 
ance with the thinnest possible coating 
hickness, 


hemical and Corrosion Resistance 
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Porcelain enamel finishes consist of a ground coat plus one or more cover coats. 
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Enamel Corp.) 


by those containing free caustic. Therefore, 
they should not be used where there will 
be long exposure to alkaline solutions. 
There are, however, some special alkali 
resistant porcelain enamels produced for hot 
water heaters, laundry tubs and the like. 

The resistance to weathering of enamels 
closely parallels their resistance to chemical 
attack: that is, acid resistant types will have 
greater resistance to weathering than the 
non-acid resisting types. Acid resistant 
types are not affected by the atmosphere, 
the sun, or temperature changes. 


The cover coats are usually sprayed. 






(Courtesy Ferro 


Heat Resistance and Thermal Shock 


The softening temperature of most porce- 
lain enamels is around the firing tempera- 
ture. However, their limiting temperature 
in actual service is considerably below this 
and ranges from about 600 to 1000 F, de- 
pending on the application. In some cases 
local strains are set up by unequal tem- 
peratures, or by rapid cooling rates which 
limit the high temperature resistance. In 
recent years special high temperature enam- 
els have been developed that withstand for 


easurec € some ; . : : 

o ent ‘ e- cid resistant enamels that will short periods temperatures up to 1700 F. 
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resisting types can be stained by water. 
he acid resistance of a porcelain enamel 
P irequently rated im accordance with a 
andard test developed by the Porcelain 
namel titute. The grades run from 
Class D with Class AA being 
ating. The acid resisting types 
. lo not rate less than Class A. 
mse can be formulated to resist 
tack ft most chemicals, including those 
nt in the food, chemical, pulp, 
ye industries. They are highly 
= Ant to such common chemicals as sul- 
le and nitric acids. 
u\ enamels are reasonably resis- 
ies; however, they are attacked 
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The coefficient of thermal expansion 
of porcelain enamels and the difference be- 
tween it and that of the base metal are 
important factors because they influence a 
number of properties of the finish, such as 
thermal shock, chipping on small radii, and 
spalling. The coefficient of expansion 
should be such that from the firing tem- 
perature to the temperature of solidification 
no undue strains are set up between coat- 
ing and base metal. In general, it can be 
said that the coefficient of expansion of 
enamels for flatware should be slightly 
greater than that of the base metal and the 
coefficient of enamels for cast iron should 
be close to that of the casting. 


withstand rapid changes in temperature of 
at least 200 F without damage. Tests have 
shown that some enamels can be heated as 
high as 350 F, dipped in ice water, and 
the process repeated a number of times 
without damage. For best thermal shock 
resistance the difference in thermal expan- 
sion between the enamel and base metal 
should be as low as possible. 


Thickness of Coating 


The thickness of the porcelain enamel 
coating has a decided influence on the ap- 
pearance and physical properties of the final 
finish. Total thicknesses (ground coat plus 
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cover coats) that are used spread over a 
wide range, depending on the type of 
enamel, the base metal, and application. 
Coating thicknesses on castings run several 
times higher than on sheet iron or steel, 
and with dry process enamels thicknesses 
are several times greater than with wet 
process enamels. With older types of sheet 
metal enamels, coating thicknesses range 
from 0.015 to 0.020 in. But the trend is 
towards even thinner coatings and at pres- 
ent the new titania enamels with their 
extremely high opacity allow total coating 
thicknesses of from 0.007 to 0.009 in. 
Aside from its influence on opacity or 
covering power, the coating thickness is 
an important factor from the standpoint of 
its affect on the bending characteristics, and 
the resistance to impact and chipping of 
enamels. The effects on these properties are 
discussed elsewhere in this section. 


Hardness, Abrasion and Scratch 
Resistance 


Porcelain enamels being a form of glass 
are a hard, dense material. Their hardness 
is approximately 4 to 6 on Mobh’s scale. 
This compares to hardnesses of around 2.0 
to 3.0 for organic finishes. The high hard- 
ness of porcelain enamels contributes great- 
ly to their good abrasion and scratch 
resistance. Another important property is 
their high smoothness which means low 
friction characteristics. This, combined with 
their hardness, gives an abrasion resistant 
coating that makes it ideal in many cases 
for material handling and conveying equip- 
ment. Some of the abrasion resistant enam- 
els are so hard that they are not scratched 
by tool steel. 

Abrasion resistance characteristics are 
dificult to measure quantitatively because 
of the wide variation in abrasive actions 
encountered in actual service. One method 
is to establish an abrasion index based on 
the loss of gloss under standard test condi- 
tions. The higher this index the better is 
the abrasion resistance. The abrasive me- 
dium consists of steel balls and feldspar. 
Porcelain enamels designed for high resis- 
tance to abrasion have an index of not less 
than 60. 

Resistance to deep scratching or gouging 
can be indicated by tests in which a steel 
ball is made to penetrate the enamel under 
a given load. 


Deflection, Impact and Chipping 


Chipping, as applied to porcelain enamel, 
refers to failure in which a piece or pieces 
of the enamel separate from the base metal. 
It can be caused by impact, tension, twist- 
ing, bending or deflection. 

Although porcelain enamels are suscepti- 
ble to chipping if not properly handled, 
this is not as much of a disadvantage as it 
appears at first glance. Advances in enamel 
formulations, product design, coating thick- 
ness and adherence qualities have all helped 
to minimize this disadvantage. 

The amount of deflection or mechanical 
shock which an enameled panel can with- 
stand without failure depends on many fac- 
tors, including adherence, thickness, and 
elasticity of the enamel. Enameled sheet 
can be flexed through a rather considerable 
curvature, but a sharp bend will cause 
chipping. A strain that permanently de- 
forms the base metal will also cause failure 
of the enamel coating. Adherence of an 
enamel coating is largely a function of 
the ground coat, the steel base, the pre- 
cleaning operations, and the firing of the 
enamel. Therefore, these factors must be 
carefully controlled if resistance to chipping 
is to be minimized. 

As mentioned above, thickness of the 
enamel layer has an important bearing on 
resistance to chipping. Many investigations 
have been conducted on this subject, and 
results have not always agreed. The trend, 
however, has been towards thinner enamel 
coats, since it is generally believed that the 
thinner the coating, the less is the tendency 
to chip. However, some tests have indi- 
cated that the greater the thickness of 
enamel on sharp radii the greater is the 
impact resistance. Therefore, it would seem 
that where strength and rigidity are re- 
quired, thick enamel coatings should be 
considered. Strength and rigidity can also 
be gained by increasing the base metal 
thickness. However, where any amount of 
deflection is encountered, the thinnest pos- 
sible coating is best, as shown in the table 
below. 

Most tests for measuring resistance to 
chipping are really adherence tests. Perhaps 
the best known is the impact test, which 
consists of dropping a weight on a plunger 
that indents the surface. The adherence is 
then determined by the amount of enamel 
remaining on the metal after the test. Other 
tests include elaborate laboratory stretch 





Flexibility of Enameled Sheet Iron 
(Data from B. W. King) 














Thickness of Enamel Radius in In. of Bend Nec- 

Gage | Per Side in In. essary to Produce Failure 
20 | 0.0023 8.0 
| 0.0040 10.6 
0.0085 11.8 
32 | 0.0015 2.3 
0.0030 3.2 
| 0.0063 | 5.2 

All samples were enameled on both sides 








tests and simple bend tests in which , 
of enameled sheet is bent to failure. 


Design Considerations 


Successful use of porcelain ename| de 
pends to a greater extent than is genera), 
recognized on proper product design, Fx 
this reason, when a product that is tp be 
finished with porcelain enamel is designe 
the weaknesses and advantages of this 
of finish should be considered. Although 
space does not permit a detailed Coverage 
of all design factors, some of the main ons 
to consider are discussed briefly below. 

Processing—tThe first requirement of ; 
product to be porcelain enameled js thy 
all surfaces to be finished be accessible {, 
cleaning and enameling operations. Wh» 
the enamel is to be applied by dipping, ty 
parts should be designed so that enané 
will drain uniformly and easily. Since § 
ish coats are usually sprayed, the surfig 
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Parts to be porcelain enameled should 4 om 


designed so as to avoid flexing caused | 
lack of support, as at points A. Maintoini 
part of the flange as shown at B cored 
this. (Sketches courtesy Armco Stee! Con 
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Flanging of edges near large hole, A, git 
support and prevents deforming of met 
during firing. 





















should be accessible for spraying. Dus 
firing, sheet metal parts sag if not prope 
supported. Thus, design should attempt 
keep warpage and distortion to a minim 
and provide necessary support in 
where satisfactory external support |! 
possible. Flanges, beading and emboss 
give enameled panels added stiffness 
resistance to warping. 
Flanges—Most sheet metal parts that! 
to be enameled are reinforced by ‘las 
or the equivalent. In general, they shi 
not be less than 34 or 4 in. deep. Fiat 
near large holes or cutouts are particu 
important for support. Notches and ht 
in the flange itself should be kept ® 
minimum, for they weaken it and can @ 
concentration of stress. Where they @® 
be avoided, the flange should be at * 
14 in. deep. 
Thicknesses and Shapes—Sclectios 
thickness of sheet metal stock is of # 
importance. Attempts to economize bf' 
ing too thin material often leads t0 ™ 
ing, sagging, twisting, hairlining ° 







































MATERIALS & METH 


























a Strip 


a 











el de 
nerally 
D. Foy 
| to be 
Signed 
iS type 
though 
Dverage 
in Ong 


Wron g 


ipping. Where large flat areas are in- 
olved, it is particularly important to use 


on. rock of sufficient thickness to avoid the 
it of MMMBhove defects. Differences in thickness of 
is thal <e metal cause uneven heating during 
J h e firing process, and therefore, should also 


»kept to a minimum. Likewise, double 
hicknesses Of sheet metal should be 
oided. 

Shapes of products to be porcelain enam- 
ed should be as simple as possible; in 
eneral, long, marrow shapes should be 
Also, large holes or cutouts in 
e body and unsymmetrical offsets should 
; avoided. 

Raditi and Edges—Radii of curvature 
ould not be less than 3/16 in. This 
nitation is especially true when white or 
ght colored enamels are used. Sharp 
ges are dificult to enamel satisfactorily 
d should be avoided. Finish coats cannot 


ing, th 
ename 
nce fin 
surface 


oided. 


/ 


hould by 
gused b 
jintainin 

correct 





Porcelain Enamels 
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hen support lugs are required, they should be of light gage and cut away as shown to reduce 
area of double-thick metal that must be heated when coatings are fired. 


ordinarily be carried over edges and still 
present a satisfactory appearance. Because 
of this, an operation known as “beading” 
is required. This consists of applying a 
black enamel to the edges and firing it with 
the ground coat; the cover coats when ap- 
plied are subsequently removed from the 
edges before final firing. 

Tolerances and Clearances—Wherte por- 
celain enameled parts are to be part of an 
assembly, sufficient allowances must be 
made for thickness of enamel and for 
warpage during the firing operation. Clear- 
ance for enamel thickness on flat sheet 
should be about 1/16 in., but clearances 
of up to % in. must be allowed where 
corners are involved. When assembling 
enameled parts, they should not be bent 
or forced to get proper fit, for this is apt 
to cause cracking of the enamel either dur- 
ing assembly or later on in service. 





























Casting Design—Castings that are: to be 
porcelain enameled must be carefully de- 
signed with that in mind. Certain designs 
that are desirable from the mechanical 
standpoint cannot be enameled satisfac- 
torily. The major defects encountered in 
enamels on cast iron are blistering, warping 
and hairlining, and all three can be caused 
by improper design. 

Blistering can be caused by uneven sec- 
tion thicknesses such as heavy lugs and 
ribs; therefore, care should be taken to 
avoid them and to provide sections that 
will heat up uniformly during firing. Warp- 
ing caused by poor design is often the re- 
sult of uneven stresses set up when the 
casting cools after firing. Proper placing 
of thin webs will reduce this warping and 
permit satisfactory enameling. 

Hairlining, which consists of dark lines 
appearing in white enamels, is a result of 
deep or heavy ribs. Where the depth or 
thickness of ribs cannot be reduced, hair- 
lining can often be eliminated by using a 
slower heat cycle than normally employed. 

Sharp inside and outside corners should 
be avoided. Enamel is likely to pile up in 
sharp inside corners and cause blistering, 
while complete coverage cannot be obtained 
on sharp outside corners. For this reason, 
corners should be liberally rounded, and 
corners and fillets should have radii of at 
least Y@ in. 
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n of heat emissivity, resistance to corrosion at high temperatures, and good ap- 
suits porcelain enamel for space heaters. (Courtesy Industrial News Service) 


Ground Coats 


Porcelain enamel finishes in most cases 
consist of two or more coats. The enamel 
which is first applied to the metal surface 
and which serves as a base for subsequent 
coats is called the ground coat. Although 
the desire and trend is towards the elimi- 
nation of ground coats, they are still neces- 
sary in a majority of applications. Ground 
coats run from about 0.003 to 0.004 in. 
thick. They are applied by dip or slush 
methods and occasionally by spraying. They 
are usually fired for 5 to 10 min. at 1520 
to 1600 F. 

A good ground coat is helpful in produc- 
ing a successful porcelain enameling job. 
The principal functions of the ground coat 
are: (1) to provide the necessary adherence 
between the porcelain enamel finish and 
the base metal; (2) to prevent chemical 
reactions between the base metal and cover 
coat which might result in surface defects. 

Therefore, the first requirement of a 
ground coat is that it have good adherence. 
Cobalt oxide is the most important ingre- 
dient added for this purpose. Its presence 
causes ground coats to be colored from a 
dark blue to black. Ground coats also 
usually contain oxides of manganese and 
nickel to control the oxidation of the iron 
and thus promote good adherence. On cast 
iron where the surface is relatively rough © 
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Porcelain enamel used on these switch plates for fractional horsepower motors increased 


durability. (Courtesy Industrial News Service) 


and porous, bonding of the ground coat to 
the metal surface depends largely on physi- 
cal adhesion. On sheet iron and _ steel, 
which is comparatively smooth, adhesion 
results from chemical bonding. While the 
nature of this bond is not definitely known, 
it is generally believed that upon firing, 
the metal surface oxidizes, and the iron 
oxide that is formed dissolves in both the 
enamel and the base metal to create the 
bond. 

Another important requirement of the 
ground coat is that it have good work- 
ability ofr processing characteristics. It 
should be easy to apply and give a smooth 
even coat; it should have a relatively wide 
firing range; and upon firing and refiring 
it should be free of objectionable defects 
such as copperheads, fishscale, blisters, and 
pinholes. 

Another requirement is that the com- 
position of the ground coat and cover coat 
be compatible. A wrong ground coat in 
this respect can cause any number of defects 
in the cover coat and can also affect its 
physical properties. Finally, the ground coat 
must have good physical properties such as 
thermal shock and impact resistance to meet 
the service requirements. 

To meet the above variety of require- 
ments, ground coats are almost always made 
by blending two or more frits. Very often a 
mixture of low, medium and high firing 
formulations are used. High firing frits fire 
in the range of 1580 to 1620 F, medium 
from 1500 to 1550 F, and low from around 
1320 to 1380 F. 

The trend is towards lower firing tem- 
peratures. By using ground coats that fire 
in the neighborhood of 1520 to 1550 F, 
both ground and cover coat can often be 
fired at the same time. Firing at lower 
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temperatures decreases the possibility of 
distortion or warping of the steel. In ap- 
plications where non-enameling grades of 
steel are used, low firing ground coats are 
more likely to give satisfactory results than 
the high firing types. 

In recent years lithium compounds, par- 
ticularly lithium manganite, have found use 
as a flux in ground coats to lower the firing 
temperature. In general, lithium manganite 
is used as a mill addition in the order of 
0.25 to 0.75%. An addition of 0.50% will 
generally lower the firing temperature 25 
to 30 F. 

While ground coats are generally in- 
tended as a base for cover coats, they are 
sometimes used as the final finish where 
the dark color is not objectionable and 
where protection is the primary considera- 
tion. If acid resistance is required, acid re- 
sistant ground coats can be obtained or thin 
oversprays can be used for the purpose. 


Cover Coats 


One or more cover coats are placed. over 
the ground coat. Functions of cover coats 
are: (1) to provide the required decorative 
qualities; (2) to provide protection against 
the service conditions, which can include 
protection against chemical-attack, weather- 
ing, abrasion and scratching, high tempera- 
tures, thermal shock, and physical abuse. 
Selection of the proper cover coat is a com- 
plicated matter, and the decision should be 
based on a careful consideration of the 
decorative and service conditions that must 
be met. 

There are probably thousands of different 
cover coat formulations and they can be 
grouped in various ways. White porcelain 
enamels for sheet iron are the best known 


group of enamels. They can be convenien;) 
classified according to type of opaci‘ier use) 
They are also sometimes classified » cording 
to their acid resistance. In this manual, th. 
former method will be used. Besides whit 
sheet iron enamels there are available cley 
frit enamels, as well as those mace from 
colored frits. In addition, porcelain ename, 
are available for iron castings and alymj. 
num and for decorative purposes on coppe 
and gold, and for many special servic 
conditions. 


Titania Porcelain Enamels 


Perhaps the most important adyanc 
made in porcelain enamels in recent yeas 
has been the development of  titaniun 
dioxide opacified frits for large scale con. 
mercial use. Within a period of about fou 
years their use has steadily increased to th 
point where they now have gained gener! 
acceptance in the industry. This ready x 
ceptance of titania enamels, as they 
commonly called, is due to the fact tha 
high opacity at low application weights and 
excellent acid resistance are achieved— 
something never before available in a single 
porcelain enamel. 

Titania porcelain enamels are | 
by adding a considerable amount of com 
mercially pure titanium dioxide (titania 
to the other raw materials that go to make 
up the frit. Upon melting, the titania 
completely dissolved and the resulting fri 
is a clear glass. When a porcelain enamed 
slip containing this frit is applied and fired, 
the dissolved titania crystallizes out in 
minute particles. These particles have : 
higher index of refraction than the glass in 
which they are dispersed and their g 
ability to scatter light gives an enamel wit 
high reflectance and hiding power 

This great increase in hiding power hs 
made possible significant reduction in th 
coating thicknesses required. It is now po 
sible to use total thicknesses, inclucing 
ground coats, of as little as 0.007 and 0.012 
in. The titania enamel cover coat can ful 
from 0.003 to 0.008 in. It follows tha 
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ently with thinner enamel layers, application 
eed weights are also considerably reduced. An 
otding accompanying chart gives a comparison of 
al, the reflectance versus weight of application of 
white the three principal types of sheet iron por- 
e cle celain enamels. In general, white enamels 
from require a reflectance of between 70 to 80% 
namek for satisfactory hiding power. From the 
alumi. chart it can be seen that with titania en- 
Copper amels application weights of around 20 to 
service 25 gm. per sq. ft. will give this order of 
reflectance as compared to application 
weights of 35 gm. per sq. ft. and higher 
required with the older types. 

Titania enamels are not inherently a 
dvance MR'cean” white. Many have a yellow or 
it years reenish appearance. Therefore, one of the 
tanium MADig problems in their development has been 
le com: » produce satisfactory whites. This problem 
ut four 4s now been largely solved. Titania en- 
| to the Hamels from blue-whites to cream-whites are 
genenl bvailable. Also, the addition of suitable 
ale 0 olor oxides when the frit is milled can 
hey an roduce other slight variations in white as 
act tha well as some pastel shades. Titania enamels 
hts and ave been found difficult to color, and as 
jeved~ Mayet deeply colored types have not been de- 
a single eloped. As a class they have a rather glassy 

appearance with relatively few bubbles. 
ro. ‘heir gloss ranges from high to very high, 
of com- ind in this respect they exceed the older 
titania pes of enamels. 
to make As mentioned previously, one of the out- 
itania is tanding characteristics of titania enamels 
ting frit s their excellent resistance to chemical at- 
| enamel ak. They have high resistance to mineral 
nd fired, nd organic acids, and in this respect ap- 
out if broach antimony opacified enamels. Accord- 
have 4 ng to the Porcelain Enamel Institute 10% 
. glass in ittic acid spot test, they are usually rated 
eir 200 s Class A and vary in the range from B 
mel with p AA. Like all porcelain enamels, their 

esistance to alkalies is relatively low in 
ower has ontrast to their acid resistance, but they 


n in the fimmompare favorably with the older type en- 

nels. In the table below are comparative 
fata on the resistance of three different 
nd 0.012 amels to chemical attack, taken from 
- can run ork by B. W. King. 


now por 


lows that Although thus far no extensive data are 
Nailable on the resistance to weathering of 

a ania enamels, they should stand up well, 
br, in general, porcelain enamels with 
pod acid resistance also show good weath- 

— | ing characteristics. 

-omie Titania enamels have good physical prop- 

pjmony rues and in many respects are better than 


€ older types. Their scratch and abrasion 

“sistance is high. Resistance to impact is 

| ucellent on flat surfaces, but on a radius 

» Poorer than zirconia and antimony types. 

ae considering the service properties of 
“¢ enamels it must be remembered that 

uch thinner coats than heretofore per- 

now possible with them. And 
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since resistance to chipping and mechanical 
failure improves with thinner coating thick- 
nesses, titania enamel coatings are superior 
in these respects. 

The coefficient of thermal expansion of 
these enamels is somewhat lower than that 
of other common enamel frits. The con- 
sequences of this are several. For one, it 
results in good thermal shock resistance 
when used on hollow ware, but also results 
in a tendency to chip on sharp radii. An- 
other, is that the low thermal expansion 
causes a larger amount of warpage of the 
base metal; therefore, it is important to use 
thin coating thicknesses and to keep the 
number and thickness of re-operations to a 
minimum. Recent work on titania enamels 
has reduced the amount of warpage as much 
as 50% so that they now more closely ap- 
proach zirconia enamels in this respect. 


Because of this the ground coat must be of 
excellent quality. Development work, how- 
ever, is resulting in constant improvement 
of the flow characteristics. 

Titania enamel compositions are avail- 
able for firing in the range between 1400 
and 1600 F. With proper control satis- 
factory results have been obtained with frits 
designed to fire at the lower end of this 
range—1400 to 1450 F. The heat stability 
of these enamels is good; that is, they retain 
their specified whiteness over a reasonably 
wide firing range. 

The cost of titania enamels as compared 
with that of zirconia or antimony opacified 
types is difficult to assess conclusively, for 
there still exists some difference of opinion 
on this score. When figured on a per pound 
basis, titania enamel frits are more costly 
than antimony and zirconia types. But since 





Because of the excellent corrosion resistance of industrial porcelain enamels, they are finding 
increased use for coating pipes and fittings for the chemical industries. (Courtesy The Erie 
Enameling Co.) 


The processing methods in general use 
are applicable to titania enamels. They are 
applied wet either by dip or spray methods. 
Only one coat is necessary. As is common 
with most acid resistant enamels, they are 
rather viscous and show moderate flow. This 
is due to the viscosity of the enamel glass 
and the stiffening effect of titania crystals as 
they form during firing. This low flow 
characteristic, combined with the fact that 
they are applied thinly, means that they 
provide less healing quality and make it 
more difficult to cover over slight defects. 





















rey Weight Loss in Gm. per Sq. In. 
—— 2% Hr. in Boiling 18 Hr. at 180 F 
» Coat —___— Enamel 10% Citric Acid | in 7% NazO 
t Titan | Opacified 0.0035 | 0.083 
piication @ Antimony Opacified | 0.0008 0.036 
, oneal Zitconig Opacified | 0.0130-0.3400 | 0.084-0.192 
p THOME BRUARY, 1950 


the application weight of titania enamels is 
much less than the other types, much greater 
coverage is obtained, and this must be con- 
sidered in comparing costs. In general, with 
titania enamels the coverage per pound of 
frit is at least double that with the older 
types. Therefore, figuring on this basis, the 
cost per square foot of enameled surface is 
actually less with titania enamels than with 
zirconia and antimony types. In addition, 
improved production efficiency and elimina- 
tion of special acid resistant oversprays 
further decreases cost. 

From the above discussion it should be 
evident that titania opacified porcelain en- 
amels are the most versatile type thus far 
developed. This versatility has resulted in 
their being adopted by a large portion of 
the industry for white porcelain finish ap- 
plications. Their uses, for example, include 
stoves, refrigerators, lamp reflectors, hollow 
ware, and signs. They have found greatest 
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acceptance in applications where their two 
most important characteristics—high opac- 
ity and high acid resistance—can be used to 
advantage. 

Titania porcelain enamels have also been 
used with some success directly on sheet 
stock. One coat, direct-on-steel work is still 
in the development stage. Special steels, the 
best known being titanium steel, are re- 
quired to produce satisfactory results. They 
must be given a nickel-dip treatment before 
being enameled. In addition, very accurate 
control over the surface preparation and the 
enameling process is necessary. 

Development work with titania enamels 
is also aimed at producing sheet steel en- 
amels that can be fired below 1400 F. Some 
success has’ been achieved in this direction 
in that limited use -has been made of en- 
amels firing at 1350 F. One of the big 
advantages of low-fire enamels is that lower 
grade enameling iron can be used and, in 
some cases, even regular low carbon, cold 
rolled steel. 


Zirconia and Antimony Porcelain 
Enamels 


With the development of titania opaci- 
fied enamels, antimony and zirconia types 
have rapidly decreased in use, and the trend 
seems to be towards discontinuing their use 
as sheet stock enamels except for some 
special applications. 

Prior to the war, antimony frits had long 
been a standard in the enameling industry. 
They are made in both acid resistant and 
non-acid resistant types. Opacity is gained 
by dispersing an antimony, calcium, oxygen 
and fluorine compound in the frit. This 
compound is formed. during smelting of the 


frit and remains with minor changes during 
firing of the enamel. 

Zirconia-base frits have also been widely 
used in the past, and during the war they 
replaced antimony types in a large number 
of applications. Like titania types, opacity 
in these enamels is largely due to precipi- 
tation of extremely small crystals of zir- 
conium compounds during firing process. 

Zirconia enamels have greater opacity 
than antimony types for the same weight 
of application. Therefore, for comparable 
hiding power, thicker coatings of antimony 
enamels are required. There is also a differ- 
ence in the whiteness of the two types. 
Antimony enamels appear slightly purple 
as compared to zirconia enamels, which are 
slightly blue-green. However, these shades 
can vary considerably depending on com- 
position, firing time and weight of applica- 
tion. Although the whites are most com- 
monly used, zirconia and antimony enamels 
can be produced in practically all pastels 
and in deep colors. As a class, zirconia 
enamels have a higher gloss and smoother 
surface than antimony types in the same 
firing range. They also have less tendency 
to sag and give better coverage of small 
defects in the ground coat. 

In general, zirconia compositions by 
themselves do not have as good working 
properties as antimony types. They tend to 
have a stringy consistency, a fairly low set, 
and a rather low dry film strength. How- 
ever, these difficulties are largely corrected 
by proper mill additions. Firing tempera- 
tures for antimony and zirconia enamels 
range around 1500 F and a little above, 
although some zirconia frits are available 
that fire as low as 1450 to 1470 F. 

Zirconia opacified enamels are not acid 
resisting and are inferior to both acid re- 


One of the important tests for porcelain enamel is the impact test, which indicates the 
resistance of the coating to chipping. (Courtesy Ferro Enamel Corp.) 


sisting types of antimony and titania 
amels in this respect. When used in appl. 
cations requiring acid resistance, a clear aid 
resistant overspray is required. Ho 
zirconia types tend to resist alkalies bette 
than do antimony enamels. 

Scratch and abrasion resistance of 
these enamels is considered high, but som, 
what below that of titania-base enamels ) 
thermal shock, antimony enamels are Us. 
ally rated below zirconia types while by 
are rated below titania types. 

As pointed out earlier, titania opacifg) 
enamels are rapidly replacing these olje 
type porcelain enamels. Nevertheless, thy 
continue to find some use in the indusy 
for special purposes. For example, antimogy 
types are being used for sanitary ware ay) 
for signs because of their good acid reiy 
ance and weathering qualities. A low-tp 
perature direct-on-steel antimony enamel ; 
finding use for such things as small heats 
and radiator covers. It is a low-opacity » 
amel available in dark browns and gray 
Zirconia enamels are being used for wad 
ing machine tubs to take advantage of the 
relatively good alkali resistance. 


Enamels for Cast Iron 

There is a great variety of cast iron pu 
celain enamel. In general, they are cn 
posed of the same basic raw materials asa 
used in sheet stock enamels. The enamel 
range from very hard acid resistant grais 
to soft, low melting types which have tb 
tively low resistance to abrasion and chem 
cal attack. Cast iron enamels are used it 
whites and colors, and the available see 
tion is about the same as that for sheet im 
enamels. The soft types contain relative 
large amounts of lead oxide as a flux; the 
soft types, however, have been largely t 
placed by the highly acid resistant leads 
types. 

Both wet and dry process enamels # 
used on iron coatings. Wet process type # 
similar in many respects to sheet iron tps 
but are formulated to fire at around 12! 
to 1400 F. They are usually used on sm 
and medium size coatings. Dry pra 
enamels are used on heavy castings. T¥ 
can be either leadless or lead bearing, # 
either acid resisting or non-acid resistith 
depending on service requirements. 

In general, porcelain enamel coating’ # 
iron castings are considerably thicker ™ 
those on sheet metal. Dry process eni® 
coatings are thicker than those applied) 
the wet process. Application weight ™ 
from around 100 to 200 gm. per 4" 


Enamels for Industrial Uses 


Porcelain enamels are finding inctt# 
use for coating industrial pro ' 
excellent resistance to chemical 
sion, elevated temperatures, — 
shock have proved valuable in a varie!’ 
applications. Because of the many differ 
kinds of applications and the wide ™% 
of service requirements encounteres ® 
enamels are almost always specially !™ 
lated for the specific job. Since appe™ 
usually is not an important cons jeration” 
industrial enamels, the types of frit ® 
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A porcelain enamel-lined reactor used in the manufacture of synthetic !atex. 
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eet severe service conditions. For 
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uical and process industries are 
acid resistant type and contain 
ortions of silica and feldspar, 
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ind more dense than ordinary 
ig a higher silica content and 
higher temperatures. 
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tal purpose types. Many dif- 
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Porcelain Enamels 
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resistant linings for tanks, tank cars, vats, 
kettles, piping, and other similar types of 
equipment.in the chemical, food processing, 
and pharmaceutical industries. Such equip- 
ment when porcelain enameled is often re- 
ferred to as “‘glass-lined.” 

Another growing group of uses is for 
materials handling. For example, porcelain 
enameled chutes, spouts and liners are now 
being used for handling such things as coal, 
coke, grains, concrete and cement, and cin- 
ders. In the metal-producing field, porcelain 
enamel has found use as protective coating 
for aluminum melting pots, and for coating 
nitriding equipment. It has also been used 
for many years on wire-wound resistors and 
similar applications in the electrical indus- 
try. 

Other uses include coatings on elevator 
buckets for coal and chemicals, idler rollers 
for various types of conveyors, pipes and 
valves, heat exchangers, guides for fabrics, 
muffler and exhaust systems, and many 
others too numerous to mention. 








(Courtesy Industrial News Service) 


Porcelain Enamels for Aluminum 


Up until recently there has been no porce- 
lain enamel for aluminum in common use. 
Now enamels and methods have been de- 
veloped which have been successfully ap- 
plied on a limited but growing commercial 
basis. The porcelain enamels are applicable 
to 2S, 3S, 53S and 61S wrought aluminum 
alloys and to non-porous castings of 43 
alloy. 

The frits for these enamels are lead bear- 
ing and have relatively high alkalinity. 
Since the melting point of aluminum is 
around 1200 F, they are formulated to per- 
mit firing temperatures of around 1000 F. 
Because of the high percentages of lead, due 
precautions must be taken in handling these 
enamels; also, application of them to sur- 
faces which may come in contact with foods 
must be avoided. Ground coats are made 
up of suitable frits, an addition agent to 
act aS a setting-up and anti-tearing factor, 
potassium bichromate, 99.5% pure titanium 
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dioxide, and water. They are not acid re- 
sistant. Pigmenting is not usually recom- 
mended since it imparts a tendency to spall. 
Ground coats are applied by spraying and 
are fired at 940 to 1000 F. Application 
weight runs about 15 to 20 gm. per sq. fet. 

Formulation of cover coats depends on 
the color desired and upon the alloy used. 
Cover coats are available which are resistant 
to the action of mild acids and they can be 
pigmented to give a variety of pastels and 
deep colors. Cover coats are sprayed and 
fired similar to the ground coat. The weight 
of application ranges from 25 to 50 gm. 
of enamel solids per sq. ft., making a total 
deposit of ground and cover coats of from 
40 to 70 gm. per sq. ft. 

Multiple coloring can be achieved by 
spraying and firing the first color, then 
masking and spraying the second color. 
Multiple designs can also be produced by 
the squeegee process. Several colors, includ- 
ing the last overall cover coat, can be fired 
simultaneously. 

For successful enameling results, clean 
aluminum surfaces, free from grease and 
oil, are required. The stock should not be 
anodized nor previously treated by strong 
corrosion-inhibitive treatments or cleaners. 
Successful enameling has been done over 
welded seams made with 1100 F Airco 
welding rod. 

Porcelain enamels for aluminum have 
good resistance to weathering, impact and 
thermal shock. They can be flexed, bent or 


formed to a limited extent after firing, and 
can be cut with a hacksaw. Since porcelain 
enamels for aluminum are still quite new, 
all their possible applications have not as 
yet been explored. However, they have al- 
ready found successful use for store-fronts 
and other architectural uses, and for adver- 
tising display signs and letters. Sanitary 
ware and accessories, washing machine tubs 
and agitators, and outdoor furniture are 
among the prospective uses claimed for 
these porcelain enamels. 


High Temperature Ceramic Coatings 


Among the most interesting of recent de- 
velopments are enamel formulations that 
will withstand temperatures up to as high 
as 2600 F for short periods of time. These 
ceramic coatings, as they are called, have 
been developed as one means of meeting 
the high temperature service demands im- 
posed upon parts in jet-propelled aircraft, 
rockets, gas turbines, and the like. 

Much experimental work has been car- 
ried on and a variety of formulations have 
been developed. Some of these include high- 
zirconia and high-beryllia compositions. 
Coatings made with alumina or combina- 
tions of alumina and chromic oxide have 
shown promising characteristics. A coating 
developed specifically for protecting molyb- 
denum metal at high temperatures consists 
of (1) a low-expansion ground coat frit 
with 20% zirconia added, (2) a cover coat 


Aluminum sheet such as shown here co 
now be porcelain enameled. (Courtesy Th 
Kawneer Co.) 


containing 95% zirconia, and (3) 1 fm 
thin application of enamel having the sam 
composition as the base coat. This coating 
in tests withstood a temperature of 165)! 
for 70 hr. At 2600 F it afforded only shor 
time protection to the molybdenum meu 





Metals for Porcelain Enameling 


Not all metals can be satisfactorily porce- 
lain enameled. While a small amount of 
porcelain enameling is done on some non- 
ferrous metals, such as copper and alumi- 
num, it is practically all confined to iron 
and steel. 

The enameling quality of the base metal 
is probably as important to successful porce- 
lain enameling as is the enamel itself, and 
therefore, careful consideration must be 
given to its selection. There are several 
important requirements that the base metal 
must meet: 

(1) Composition and Purity. During the 
firing of enamels gases are evolved from the 
metal, from moisture chemically combining 
with certain of the frit ingredients, and 
from reactions between some of the enamel 
and metal ingredients. These gases can cause 
defects such as reddish brown spots (known 
as copper-heads) and blisters in the final 
finish. The gas-forming ingredients of the 
metal are sometimes called metalloids. Car- 
bon is. the most troublesome one, and for 
this reason, carbon content is kept as low 
as possible. Manganese, phosphorus and sul- 
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fur also effect enameling properties and are, 
therefore, controlled within close limits. 

(2) Surface Characteristics. The surface 
of the base metal must be free of surface 
defects such as scabs, laminations, holes and 
slag inclusions, and be receptive to the even 
application of enamel. 

(3) Drawing Quality. A large portion of 
articles which are enameled must be first 
formed, drawn or spun, some severely. 
Therefore, enameling stock must have suffi- 
cient ductility and strength to withstand the 
forming operations. 

(4) Sag Resistance. Since the firing tem- 
peratures are within or close to the critical 
range of base metals, the susceptibility to 
sagging or distortion at elevated tempera- 
tures is important. 

(5) Weldability. Many porcelain enam- 
eled products are assembled by welding. 
Thus, enameling stock should be easily 
welded by the electric arc or oxyacetylene 
processes. 

Because of the exacting requirements of 
porcelain enameling stock, iron and steel 
sheet products have been specially developed 


for it, and the steel producers are constatil 
searching for means to improve the enam# 
ing quality of their stock. 


Enameling Iron 


Enameling itor is. ingot iron especial 
produced for enameling applications. Pi 
ticular care is exercised throughout its p® 
duction and special rolls are generally # 
to give the sheets a suitable finish for 
application of enamel. The special rollish 
produces a slightly roughened surface ™ 
consists of relatively smooth hills and ¥ 
leys. The main advantage gained 
with this surface the wet enamel drains® 
evenly. Because of the special care taken™ 
its manufacture, enameling iron 1s unifos 
in its physical and surface characrerisG 

The analysis of enameling iron approm™ 
that of pure iron; the carbon ind 7 
elements that are usually present 2 ™% 
are extremely low. The analysis sea 
ranges as follows: 0.015 to 0.020 am™ 
0.03 to 0.04 manganese, 0.005 0 0. 
phosphorus, 0.02 to 0.03% sulfur, and 
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Enamcling iron sheets are produced in 
etal grades to meet a wide range of re- 
uirements. These grades include: (1) a 
neral purpose iron for products fequiring 
nly shallow draws; (2) a drawing grade 
or moderate degrees of draw; (3) an extra 
ep drawing sheet; and (4) a sheet suit- 
ble for general drawing or spinning op- 
rations. 

The enameling properties of this base 
netal are good, and better than those of 


Mild steel. The special processing of the 


eets keeps surface defects to a minimum, 
d low percentages of carbon and manga- 
se reduce the possibility of blisters and 
her defects occurring in the enamel finish. 
lso, subcutaneous blowholes are less prev- 
ent in enameling iron than in mild steels. 
While enameling iron has good drawing 
ality and is relatively easily worked, it is 
ot as good as that of mild steel. In the 
at treated condition its drawability is 
»mewhat lower, as indicated by the Olsen 
d Ericksen cup tests. Nevertheless, the 
rawing grades are satisfactory for practi- 
lly all commercial purposes and can with- 
and severe draws such as those required 
bh the forming of washing machine tubs 
d sinks in a single drawing operation. 

The critical temperature of enameling 
ion is about 1600 F, which is above the 
ing temperatures in general use today. 


Porcelain Enamels 





Because of this, its resistance to sagging and 
warping is good and better than that of 
mild steel. 

Research toward the goal of fewer and 
thinner coats of porcelain enamel and fewer 
firings is in progress. Frit producers and 
enamelers are working closely with the re- 
search laboratories of enameling iron pro- 
ducers, and progress is being made toward 
the development of enameling iron that will 
improve the quality and reduce the cost of 
the finished product. 


Mild Steel 


Low carbon steel sheets made from open 
hearth rimmed steel are satisfactory for some 
porcelain enameling jobs when suitably 
processed. Commonly used types are AISI 
1008 and 1010. Typical analyses are 0.05 
to 0.12 carbon, 0.30 to 0.35 manganese, 
0.010 to 0.015 phosphorus, 0.030 to 0.35% 
sulfur, and a trace of silicon. 

Low carbon porcelain enameling sheets 
are commonly produced in two qualities— 
commercial and drawing quality. Both 
grades can be processed so as to minimize 
fluting and stretcher strains. Drawing qual- 
ity sheets are suitable for severe drawing 
and spinning requirements. 

Because of the relatively high carbon 
and manganese content, the enameling prop- 
erties of mild steel are not as good as those 


of the other types of enameling stock. 
Greater care and control is required to avoid 
defects. Gaseous carbon compounds are 
formed at firing temperatures which, if 
evolved in large quantity, can cause unde- 
sirable defects in the enamel finish. Another 
type of defect that can occur is subcutaneous 
blowholes which are more prevalent if the 
sheet is produced from lower half of ingot. 

The drawing quality of mild steel sheets 
is exceilent, and this grade can withstand 
severe draws. Where severe drawing or 
spinning operations are required, the draw- 
ing quality sheet is used. Resistance to sag- 
ging and warping is poor in contrast to the 
other types of enameling sheet. This is due 
to the fact that the upper critical point of 
mild steel is below the generally used firing 
range. Therefore, mild steel sheets can only 
be used where sagging at firing tempera- 
tures can be tolerated, or where design of 
the product prevents warpage from occur- 
ring. 

Some use is being made of nickel coated 
mild steel for porcelain enamel applications. 
Its use is largely confined to products which 
are finished with low temperature porcelain 
enamels—those fired at around 1300 F. The 
coating is approximately 0.000015 in. thick, 
and serves to prevent the flow of gases from 
the base metal to the enamel; it also retards 
chemical reactions between the base metal 
and enamel ingredients. The drawing qual- 


prcelain enamel chutes are being made for a variety of applications. They have high smoothness and high resistance to abrasion. (Courtesy 


Industrial News Service) 
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ity of these sheets is generally satisfactory, 
but there are some limitations due to the 
ductility of the nickel coating. Although re- 
sistance to sagging would be poor under 
conventional firing conditions, it is good at 
the low temperatures employed. It should 
be noted that this special coating is distinct 
from the electroplated nickel flash fused on 
all enameling iron and steel by the enameler 
to promote bonding of the enamel. 


Titanium Enameling Steel 


Within the past few years another type 
of enameling stock, commonly known as 
titanium enameling steel, has been intro- 
duced and produced in limited quantities. 
It surpasses regular enameling irons in many 
respects and, in addition, makes possible 
one-coat applications of white enamels di- 
rectly on the steel. The desirability of such 
an enameling stock is easily evident. Al- 
though selling at a relatively high price, 
processing costs and the cost of the enamel 
can be reduced. In addition, the resulting 
thinner coats means a more satisfactory 
finish. 

Titanium enameling steel is a basic open 
hearth steel containing enough titanium to 
combine with the carbon. A typical analysis 
is: 0.06 carbon, 0.30 manganese, 0.010 
phosphorus, 0.030 sulfur, 0.10 silicon, and 
0.30% titanium. The titanium and carbon 
combine to form titanium carbide, which is 
comparatively stable during the firing of 
porcelain enamel, and this apparently ac- 
counts for its good enameling properties. 

As mentioned above, white cover coat 
enamels can be applied directly to this metal 
after being given a regular nickel dip treat- 
ment. Titanium oxide enamels are used, 
and they give a satisfactory opaque finish 
with thicknesses of 0.0035 to 0.004 in. 

The drawing quality of titanium enamel- 
ing steels is good and is better than that of 
enameling iron, but somewhat inferior to 
the best deep drawing grades of mild steel. 
It has no definite yield. point, but its yield 
strength, measured at 0.5% offset, is com- 
parable to that of enameling iron. 

This enameling steel also has excellent 
sag resistance since its critical point is higher 
than 1700 F, which is well above the com- 
monly used enamel firing temperatures. Be- 
low is listed the sag for the three types of 
enameling sheet (20-gage stock) under 
standard test conditions: 


Sag in In. 
DT Bet ons. eccinchchoctnskeaccunh 0.80 
Enameling Iron ................0+ 0.40 
Titanium Enameling Steel.... 0.15 


Cast Iron 


Successful enameling of cast iron is gen- 
erally more difficult than enameling sheet 
metal. The most common source of trouble 
is the combined carbon present in cast iron 
compositions. This combined carbon causes 
gases to be given off during the firing opera- 
tion, which often results in blistering of the 
enamel. Therefore, according to the bulletin 
“Production of Castings for Porcelain Enam- 
eling,” published by the Porcelain Enamel 
Institute, combined carbon should be fairly 


82 


low. Also, cast iron should have a high 
silicon, phosphorus, and total carbon con- 
tent and a moderate manganese and sulfur 
content. While a considerable range in per- 
centage of the above elements can be tol- 
erated, the most satisfactory compositions 
have approximately the following analysis: 
2.50 silicon, 0.70 phosphorus, 0.60 manga- 
nese, 0.08 sulfur, 3.00 free carbon, and 
0.40% combined carbon. 

An empirical formula involving the ‘“‘car- 
bon equivalent” has been established to give 
an indication of the enameling quality of 
cast iron compositions. The formula is: 
CE. = %C (total) + 0.3 (%Si + %P) 
Experience has shown that for best results 
the carbon equivalent should be around 
4.3%. 

In order to keep warping to a minimum, 
the sulfur content should not be lower than 
0.065% and not higher than that which 
can be neutralized by the manganese con- 
tent. In general, sulfur contents of up to 
0.15% will not have extremely detrimental 
effects on enameling properties. 

Quality of porcelain enamels on cast iron 
can also be affected by the pig iron used in 
the charge; therefore, careful selection of 
this raw material—often by trial and error 
— is necessary. To get the proper analysis 
and to control composition, at least two 
types of pig iron, differing in composition, 
are used. In some cases three or four dif- 
ferent types are employed. The selection of 
scrap is also important; it should be as free 
as possible from such elements as chromium, 
molybdenum and vanadium. 

Perhaps equally important as iron com- 


These large porcelain enameled cylinders are carbon saggars for carbon electrode firing 
(Courtesy The Erie Enamel Co.) 























position and raw materials is foundry prac, 
tice. Castings for porcelain enameling shou, 
be produced so as to have a reasonably dense 
and uniform structure, and be free from 
porosity, slag inclusions and segregation 
The surface should be free of gross defects 
and be capable of being sandblasted to , § 
fairly smooth surface. Molding, melting and § 
pouring practices not only influence thes 
qualities in castings but also can cause bis. 
ering and warping if proper attention is no, 
paid to them. For example, improper ram. 
ming or gating can cause warping; blistering 
can result from excess water in the sand 
Likewise in melting, burned metal often 
causes blistering, while the proper use of 
flux can prevent it. 
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The nickel steels consist of two classes, one containing 342% nickel and the other 5% nickel. The carbon contents of these 
standard steels range from 0.09% up to 0.48%, and the lower steels in the series are often carburized. In general, this group of 


Nickel Steels 


MATERIALS DATA SHEET 


steels features high mechanical properties and corrosion resistance somewhat superior to that of plain carbon steels. 


Typical Properties of 312% Types 





AIS! TYPE 


2317 


2330 


2335 


2340 


2345 





COMPOSITION, % 


C, 0.15-0.20 
Man, 0.40-0.60 
Si, 0.20-0.35 
Ni, 3.25-3.75 


C, 0.28-0.33 
Mn, 0.60-0.80 
Si, 0.20-0.35 
Ni, 3.25-3.75 


C, 0.33-0.38 
Mn, 0.60-0.80 
Si, 0.20-0.35 
Ni, 3.25-3.75 





C, 0.38-0.43 
Mn, 0.70-0.90 
Si, 0.20-0.35 
Ni, 3.25-3.75 


C, 0.43-0.48 
Mao, 0.70-0.90 
Si, 0.20-0.35 
Ni, 3.25-3.75 





PHYSICAL PROPERTIES 
Density, Lb./Cu. In. 
Melting Point, F 
Thermal Cond., Btu./Hr./Sq. Ft./In./F, @ 
120 F 
Coeff. of Exp. per F: 
0 to 200 F 
0 to 1200 F 
Spec. Ht., Btu./Lb./F (68-212 F): 
Elect. Res., Microhm-Cm. (annealed): 
at 120 F 
at 570 F 
_ Magnetic Properties 


MECHANICAL PROPERTIES 
Modulus of Elasticity, Psi. 
Tensile Str.,> 1000 Psi.: 

Hot Rolled 

Annealed 

Cold Drawn 

Hard. & Temp. @ 1000 F? 
Yield Str., 1000 Psi.: 

Hot Rolled 

Annealed 

Cold Drawn 

Hard. & Temp. @ 1000 F* 
Elongation in 2 In., % 

Hot Rolled 

Annealed 

Cold Drawn 

Hard. & Temp. @ 1000 F* 
Reduction of Area, %: 

Hot Rolled 

Annealed 

Cold Drawn 40.0 

Hard. & Temp. @ 1000 F* 58.0 
Hardness, Bhn: 

Hot Rolled | 195 230 

Annealed 180 | 2 210 

Cold Drawn 235 255 

Hard. & Temp. @ 1000 F* | 270 302 
Impact Str., Izod Ft.-Lb.: | 

Hard. & Temp. @ 1000 F? 55 | 40 


THERMAL TREATMENT 
Annealing Temp., F 
Normalizing Temp., F 
__ Hardening Temp., F 


FABRICATING PROPERTIES | 
Max. Forging Temp., F : | 2250 2175 
Machinability Index (AISI B-1112— 100) | 50 | 40 


Weldability: | As a group these steels have good weldability. Helisnielaas “desirable before welding 
| of all except AISI 2317. 


0.283 0.283 
2620 2600 


460 | 460 
6.2x 107° 


8.0x 107° 
0.11-0.12 


0.283 
2590 


0.283 
2585 


460 


0.283 
2575 


460 











6.2 x 107° 
8.0x 107° 
0.11-0.12 








6.2x1 
8.0x1 
0.11-0. 


28.4 
46.8 
Magnetic 


. 28.: 28.4 28.4 
46.8 46.8 46.8 | 46.8 
Magnetic Magnetic Magnetic Magnetic 
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29-30 x 10° 29-30 x 10° 
97.0 
90.0 

110.0 
125.0 


29-30 x 10° 


103.0 
95.0 


137.0 


72.0 
68.0 


29-30 x 10° 


| 29-30 x 10° 
| 110.0 

| 

| 


115.0 
104.0 


81.0 
77.0 
95.0 
107.0 


55.0 
53.0 
75.0 
72.0 


100.0 





137.0 140.0 


67.0 
64.0 
90.0 
96.0 


24.0 
27.0 
17.0 
22.0 


76.0 80.0 


75.0 





l 19.0 130.0 
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22.0 


20.0 
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54.0 
47.0 
60.0 
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40.0 
46.0 
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1450 
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These steels have better corrosion resistance than the plain carbon steels. 


CORROSION RESISTANCE 
AVAILABLE FORMS 











These steels are usually supplied as bar stock or forgings, but can be obtained in all 
steel mill forms. 








USES Various carbu- 
rized parts. 
Gears,cams, 


etc. 


Shafting, heavy forgings, gears, highly stressed bolts, axles, and 
other highly stressed parts. 














(Continued on page 85) 
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AN IMPORTANT MESSAGE TO 
METAL WORKERS INTERESTED IN: ou) 


SPINNING, BLANKING, ye) E 
STAMPING, MACHINING, ETC. TE 


TION PARTS OF 


rorm raw LOW CARBON STEEL 


| ON TOA , | 
PARTS TO INCREASE CARB é 
HEAT TREAT FORMED CARBON STEEL 3) « 


MEDIUM OR HIGH 
A /W@W HEAT TREATMENT 


omogeneous | 
( arburization 


Broadens the Scape of Production of Bbmall Metal Parts 


In homogeneous carburization the THE PROCESS: Continuous or Batch Type Furnaces 


Homogeneous carburiza- 
tion permits the transform- 
ation of a low carbon steel 
into a medium or high car- 
bon steel, in parts of thin 
section, after fabrication, 
and oftimes during the 
final step of heating 
for hardening. 





































carbon content is built up throughout the Either continuous or batch type furnaces cat 


entire thickness of the steel. The carbon be used that have a heating chamber suitabk 


potential of the prepared gas atmosphere is for complete exclusion of both air and fw 






adjusted equal to the carbon desired in the gas. Modern ‘Surface’ radiant tube heatel 






steel. Then the low carbon steel is heated furnaces, which have the necessary sit 








in this atmosphere where the carbon con- guards for good atmosphere control, are mi 







tent gradually raises until the equilibrium applicable to this new process. 


is established between the atmosphere and 
‘Surface’ Research and 
Development 


the steel being treated. 









RX Gas Atmosphere 


The principles of carbon balance which lt 







VRE TI GES been so well applied to ‘Surface’ gas carbutl 
BEFORE: Fabrication of low carbon steel 
(1/16°’ section) before heat treatment 


100X—nital etch 



















A ‘Surface’ RX Gas atmosphere is used for 






the process. ‘Surface’ RX Gas generators ing to permit control of surface carbon ™ 
















. ; > | V 
have been used extensively in industry for centration, regardless of case depths, 


. bee " 2 ~ : ) hom 
gas carburizing, dry cyaniding, carbon re- n just as satisfactory adapted t 


geneous carburization at any desired car 
00% 


storation, and clean hardening. They have 


e : . , i , ol 
proved most satisfactory in operation since level from low and medium carbon t 







carbon and higher if required. 


WRITE FOR COMPLETE DETAILS. 
NO OBLIGATION 


CORPORATION e TOLEDO 1, OHI) 


AFTER: 1/16" section homogeneous car- 
burized throughout at 1700°F. in RX Gas 
atmosphere with a 0.60% carbon potential. 
Oil quenched. 100X—nital etch. 


they maintain an output of prepared gas 






atmosphere of constant analysis with a mini- 


mum of adjustment and maintenance. 
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NUMBER 187 (Continued) NICKEL STEELS 


Typical Properties of 5% Types 





AISI TYPE 


2512 


2515 


2517 





COMPOSITION, % 


C, 0.09-0.14 
Mao, 0.40-0.60 
Si, 0.20-0.35 


C, 0.12-0.17 
Mn, 0.40-0.60 
Si, 0.20-0.35 


C, 0.15-0.20 
Mn, 0.40-0.60 
Si, 0.20-0.35 












































Ni, 4.75-5.25 Ni, 4.75-5.25 Ni, 4.75-5.25 
PHYSICAL PROPERTIES 
Density, Lb./Cu. In. 0.283 0.283 0.283 
Melting Point, F 2620 2615 2610 
Thermal Cond., Btu./Hr./Sq. Ft./in./F, @ 120 F 415-465 415-465 415-465 
Coeff. of Exp. per F: 
0 to 200 F 6.0x 10~* 6.0x 107° 6.0x 10~° 
® to 1200 F 7.8x10~° 7.8x10~° 7.8x 107° 
Spec. Ht., Btu./Lb./F (68-212 F): 0.11-0.12 0.11-0.12 0.11-0.12 
Elect. Res.,:Microhm-Cm. (Annealed): 
at 120 F 27-29 27-29 27-29 
Magnetic Properties | Magnetic Magnetic Magnetic 
MECHANICAL PROPERTIES 
Modulus of Elasticity, Psi. 29-30 x 10° 29-30 x 10° 29-30 x 10° 
Tensile Str.,> 1000 Psi.: 
Hot Rolled 86.0 90.0 92.0 
Annealed 77.0 80.0 82.0 
Cold Drawn — 103.0 — 
Hard. & Temp. @ 1000 F* 105.0 113.0 120.0 
Yield Str., 1000 Psi.: 
Hot Rolled 62.0 67.0 70.0 
Annealed 61.0 63.0 65.0 
Cold Drawn -- 75.0 --- 
Hard. & Temp. @ 1000 F* 85.0 94. 100.0 
Elongation in 2 In., %: 
Hot Rolled 28.0 26. 26.0 
Annealed 30.0 25. 29.0 
Cold Drawn — 24. — 
aces Hard. & Temp. @ 1000 F* 28.0 25. 22.0 
Reduction of Area, %: 
aces Hot Rolled 70.0 65.0 
Annealed 72.0 70.0 
Cold Drawn — — 
and Hard. & Temp. @ 1000 F* 73.0 66.0 
8 Hardness, Bhn.: 
Hot Rolled 170 184 
ry Annealed 157 162 
are Cold Drawn — oF 
Hard. & Temp. @ 1000 F* 217 244 
Impact Str., Izod, Ft.-Lb.: 
Hard. & Temp. @ 1000 F* 95 
THERMAL TREATMENT 
Annealing Temp., F 1525 1500 
Normalizing Temp., F 1525 1500 
rich | Hardening Temp., F 1475 1475 
FABRICATING PROPERTIES 
-bon | Max. Forging Temp., F 2300 2300 








Machinability Index (AIS! B1112 — 100) | — 40 


Weldability: 


As a group these steels have good weldability. 
CORROSION RESISTANCE 











These steels have better corrosion resistance than the plain 
carbon steels. 


—— 








AVAILABLE FORMS ihe These steels are usually supplied as bars, tubing or forgings 


but can be obtained in all steel mill forms. 


a —_— 





AILS. USES Heavy duty carburized parts such as aircraft gears, piston pins. 
When not carburized, these steels are used in paper and oil 
industries for corrosion resisting applications. 








a 





OHIO NOTES: 


: 1. For design purposes, fatigue strength is approximately 50% of tensile strength. 
Shear strength is about 5 to 10% less than tensile strength. 


? . ; 
‘. Properties after heat treatment are based on an oil quench and 1l-in. round bars. 


Compressive yield strength is about equal to tensile yield strength. 


Prepared with the assistance of the International Nickel Co., Inc. 
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KMAXIMUM PROCESS UTILIZATION 









Product engineers may find a helpful 
suggestion from the die casting applica- 
tion illustrated. The aluminum body is 
an important part in the MADISON. 
KIPP lubricator pumping unit. The 
lightness, accuracy and strength of the 
die casting and wear resistance qualities 
of the inserted barrel sleeves provide 
maximum efficiency in an instrument used 
universally on machine tools, work en- 
gines and compressors. Cast-in iron, 

r. steel and brass inserts are anchored for 

¢ life due to the shrinkage action of the 

molten metal around them and they may Comm 

solve some of your design problems. 


Please send your inquiries to our 
home office in Madison, Wisconsin. 
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Steel 


New Stainless Steel 


mmercial production of low-carbon 
} max.) stainless steels has been an- 
inced by Carnegte-Illinois Steel Corp., a 


sidiary of United States Steel Corp. Re- 
ts of a 10-year testing program indicate 
t the 18:8 steels containing nor more 
n 0.03% carbon have a resistance to 


tgranular corrosion equivalent to that 
18:8 columbium and titanium stainless 
Pls 
ntil now it has been necessary to add 
mbium or titanium to austenitic stain- 
steels as “stabilizers” to minimize the 
erse effects of carbon, making the alloy 
susceptible to intergranular corrosion. 
ause the supply of these elements is 
cumes critical, Carnegie-Illinois in 1939 
An investigations to determine a com- 
cial method of manufacturing chro- 
m-nickel stainless steels with the lowest 
sible carbon level. 
conomical manufacturing techniques 
© now been worked out and sufficient 
“sion-testing data have been accumu- 
It is believed, to justify consumer ac- 
ance of 0.03% maximum-carbon stain- 
steel for use in many applications in 
ch columbium—or titanium—stabilized 
nless steels have been used. 
oO scgame data have been confirmed 
& tests which indicate that low- 
on 18:8 materials can replace the sta- 
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bilized types for those applications that in- 
volve short heating times in the sensitizing 
temperature range. 

Further information on the new stainless 
steels can be obtained from United States 
Steel Corp. Subsidiaries, 429 Fourth Ave., 
Pittsburgh 19, Pa. 


Hot Work Tool Steel 


A new tool steel, specifically designed 
for hot work and marketed under the name 
B-47 Hot Work Steel, has been introduced 
by Allegheny Ludlum Steel Corp., Henry 
W. Oliver Bldg., Pittsburgh 22, Pa. 

Excellent resistance to shock and abrasion 
at elevated temperatures is claimed for the 
new alloy. The good hot hardness charac- 





. 102 
104 
108 
110 
116 
117 





teristic of the alloy makes it suitable for 
many hot work jobs, but it is specifically 
recommended for applications that require 
good toughness at relatively high hardness 
or where abrasion resistance and resistance 
to heat checking are important. Such appli- 
cations include brass extrusion dummy 
blocks and dies, valve extrusion die inserts, 
forging die inserts, forging press dies and 
hot punch tools. 

Approximate chemical analysis of B-47 
is as follows: 0.40 carbon, 0.35 manganese, 
0.25 silicon, 4.25 chromium, 4.25 tungsten, 
4.25 cobalt, 2.25 vanadium and 0.40% 
molybdenum. 

Results of Charpy V notch impact tests 
at elevated temperatures show values of 
73% ft.-lb. at 400 F, 6% ft.-lb. at 600 F, 
12 ft.-lb. at 800 F, 9 ft.-Ib. at 1000 F and 
834 ft-lb. at 1200 F. High temperature 
Brinell hardness has been determined as 
follows: 286 at 1100 F, 241 at 1200 F, and 
179 at 1300 F. 


Some High Temperature Properties of B-47 

















eee. Rn eee 
800 1,000 | 1,200 
Short Time Ultimate Strength, Psi. 178,000 | 147,000 | 110,000 
Elongation, % in 2 In. 9 12 16.5 
Reduction of Area, % 36 42 | 37 
Charpy V Notch Impact, Ft.-Lb. 12 9 83%, 
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New Materials and Equipment 


(CONTINUED) 





Parts & Forms 





Aluminum Fitting 


An all-aluminum fitting for use with an- 
nealed aluminum tubing has been an- 
nounced by Scovill Manufacturing Co., 
Waterbury, Conn. The entire fitting is 
anodized for corrosion resistance, and the 
use of aluminum instead of brass prevents 
galvanic action between the fitting and the 
tubing. 

The fitting is of the Uniflare design; it 


PARSE 





Scovill Manufacturing Co. is producing an 
aluminum fitting for use with annealed 
aluminum tubing. 


is a self-contained, two-piece fitting with a 
self-flaring feature. Advantages claimed for 
the fitting are: (1) leakproof seal; (2) no 
danger of tube cracking during flaring; and 
(3) opportunity to use standard wall tub- 
ing rather than the much heavier tubing 
often required to provide extra strength. 

The aluminum fittings are available in 
all standard shapes on a made-to-order basis 
for use with aluminum tubing from 3/16 
through % in. O.D. 


Rubber Sleeves 


Development of a new bonding process 
has made available sleeves of silicone rub- 
ber and Fiberglas in sizes from %4-in. I.D. 
to 514-in. O.D., wall thicknesses from 1/16 
to 1 in., and lengths up to 3 ft. from 
Stalwart Rubber Co., 165 Northfield Rd., 
Bedford, Ohio. 

The mandrel-cured bonds are said to 
possess increased strength both laterally and 
horizontally and to be suitable for installa- 
tions involving high pressures as well as 
high temperatures. Silicone rubber can be 
mandrel-bonded to asbestos, nylon and 
cotton. 


The flexible sleeves are claimed to be 
suitable for transmitting hot or corrosive 
gases or super-cooled liquids at tempera- 
tures ranging from ~110 to more than 
400 FP. 


Non-Corroding Expansion Joint 


A non-corroding expansion joint designed 
for service where corrosion or contamina- 
tion is a serious problem has been developed 
by United States Gasket Co., 602 N. 10th 
St., Camden, N. J. The joint is made of 
Teflon, the du Pont material which is im- 
pervious to all industrial chemicals and is 
claimed to withstand temperatures up to 
500 F and down to —150 F. 





These non-corroding expansion joints are 
made of Teflon, an extremely inert plastic. 


Connectors for installing these expansion 
joints can be applied so that no surface ex- 
cept inert Teflon comes into contact with 
material carried by the piping. 


Finishes & Coatings 


Maintenance Coating 


A rust-inhibitive, maintenance-coating 
compound, “Kem-Ban,” has been announced 
by Ace Laboratories, 1614-18 Coutant Ave., 
Lakewood 7, Ohio. In addition to rust-in- 








hibiting action, it is said to possess bani | | 
resistance to acids, alkalis, chemica| fume 
moisture, salts and alcohol. 

Kem-Ban is claimed to have good PI 
herence to all ferrous and nonferrous m,., 
and alloys, galvanized surfaces, clad me j 
and polished and stainless steels, Applig 
by spray, dip or brush methods, the Cog. 
ing dries in from 20 to 30 min. 

Alkyds, oils and finishing Materials 
many other types can be applied SUCCESsf yl) 
over the coating. 


Strippable Protective Coating : 
A removable vinyl coating designed i 
prevent corrosion, scratching or abrasion (i 
metals during production, assembly, ship fe 
ping or storage has been introduced by Ae 


cialty Coatings Laboratory, 1721 N. Vein 
St., Milwaukee 2, Wis. 

The coating can be applied by spy 
brush or dip methods, and is available dy 
and in a variety of colors, both translucg 
and opaque. A sprayed coating has a @ 
erage of 250 to 300 sq. ft. per gal. peral 
thickness. Permanently adherent typs ¢ 
coatings are also available. 


Coating for Glass 


Glo-Dur, a Tuf-On finish designed f 
good adherence to glass and ceramic 
faces, is now available from Brooklyn J 
nish Manufacturing Co., 50 Jay St., Brow 
lyn 1, N. Y. The enamels, formu 
either as transparent or opaque finishes, 0 
be applied by dip or spray. 

They resist fading, and are flexi 
enough to resist embrittlement after | 
heat exposure. Baking time is 6 mia 
300 F. 


bg 


Rustproof Film 


Improvement of its non-drying rustp 
ing product, Ircolene No. 19, has * 
announced by International Rustproof (a 
12507 Plover Ave., Cleveland, Ohio. 
siderable increase in the corrosion resist 
qualities of the film used on steel and ut 
metals is claimed as the result of a “hott 
enizing’ process. a 

Transparent Ircolene No. 19 fla! 
been used in industry to protect nonietl 
metals from staining and tarnishing du! 
storage. With 95% relative humidity 
95 F, a minimum film life of 500 bt. 
the improved product has been obtill 
Salt spray tests, with 20% sodium chlos 
at 95 F have demonstrated a minimum" 
of 150 hr. On both tests, an underco™ 
of zinc phosphate is said to have mor™ 
doubled the film life. 
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the COST SAVING ADVANTAGES 
Meehanife, Permanent Molds 


VE INDISPUTABLE’’ 


e Long P 


“The cost saving veh atas of Mechanite permanent spin 
and all casting parts for the Master Draw Table are indis- 
putable. A ~permane The 
cavity of # 

It is pren 

subject tom 


structure an nsi | | sh eee ni nee = 
to heat, ma ell ; eres a cast to close 
toleran ances. hag areauous conditions have been most 


the many ‘material and mechanical 
: : efi . All of the foundries 
pply you Titeretars applicable to your 
problem, Why not write today? 
‘From’ an unsolicited letter by Mr. W. J. Sedion, . 
Previa “a me sree Pattern Co., Cleveland, Ohio. 


_EW ROCHELLE, N. te 
ove x 2” eee 
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MEEHANITE@ FOUNDRIES 


American Brake Shoe Co. Mahwah, N. J. 
The American Laundry Machinery Co., Rochester, N. Y. 
Atlas Foundry Co. Detroit, Mich. 
Banner Iron Works St. Louis, Mo, 
Barnett Foundry & Machine Co. Irvington, N. J. 
E. W. Bliss Co. Hastings, Mich. and Toledo, O. 
Builders Iron Foundry Inc. Providence, R. |}. 
H. W. Butterworth & Sons Co. Bethayres, Pa. 
Continental Gin Co. .. Birmingham, Ala. 
The Cooper-Bessemer Corp. 

Mt. Vernon, O. and Grove City, Pa. 
Crawford & Doherty Foundry Co. Portiand, Ore. 
Farrel-Birmingham Co., Inc. Ansonia, ‘Conn. 
Florence Pipe Foundry & Machine Co. Florence, N. J. 
Fulton Foundry & Machine Co., Inc. Cleveland, O 
General Foundry & Manufacturing Co. Flint, Mich. 
Greenlee Foundry Co. Chicago, Ill. 
The Hamilton Foundry & Machine Co. ... Hamilton, O. 
The Henry Perkins Co. Bridgewater, Mass. 
Johnstone Foundries, Inc. Grove City, Pa. 
Kanawha Manufacturing Co. Charleston, W. Va. 
Koehring Co. Milwaukee, Wis. 
Lincoln Foundry Corp. Los Angeles, Calif. 
E. Long Ltd. Orillia, Ont. 
Otis Elevator Co., Ltd., Hamilton, Ont. 
Pohiman Foundry Co., Inc. Buffalo, N. Y. 
The Prescott Co. Menominee, Mich. 
Rosedale Foundry & Machine Co. Pittsburgh, Pa. 
Ross-Meehon Foundries Chattanooga, Tenn. 
Shenango-Penn Mold Co. Dover, O. 
Sonith Industries, Inc. Indianapolis, Ind. 
Standard Foundry Co. Worcester, Mass. 
The Stearns-Roger Manufacturing Co. ... Denver, Colo. 
Traylor Engineering & Mfg. Co. Allentown, Pa. 
Valley Iron Works, Inc. St. Paul, Minn. 
Vulcan Foundry Co. Ockland, Calif. 
Warren Foundry & Pipe Corporation, Phillipsburg, N. J. 


“This advertisement sponsored by 
foundries listed above." 
























Announcing... 


A Complete Line 
of 
Spray, Dip and Brush 
PHOSPHATE COATING CHEMICALS 
for 
PAINT-BONDING 
RUST PROOFING 
and DRAWING 


Paint-Bonding «Granodine” 
ow) 


coating chemicals, applied by spraying, dipping, or brushing 


zinc phosphate 





in a cold, medium, or hot process, improve paint adhesion on 


steel. iron, and zinc. 


“Lithoform” — zinc phosphate coating chemical, applied by 
spraying, dipping, or brushing at room temperature, makes 


paint stick to galvanized iron, zinc and cadmium. 





o 
Rust Proofing **Permadine” — zinc phosphate 
coating chemical, applied in an immersion process forms an 
oil-absorptive coating on iron and steel that bonds rust-inhibit- 


ing oils such as ““Granoleum.” 


**Thermoil-Granodine” — manganese phosphate coating 
chemical, applied in an immersion process, forms a dense 
crystalline coating on iron and steel which, when oiled or painted 


inhibits corrosion and when oiled protects friction surfaces. 


Drawing “Granodraw” — zinc phosphate coating 


chemical, used in an immersion process, facilitates the mechani- 





cal deformation of steel. 


Write for further information on any of these phosphate coating 
chemicals and processes and how they can be adapted to your 


production. 


Pioneering, Researth nd Development pice 1914 


AMERICAN CHEMICAL PAINT COMPANY 


| AMBLER | PA 


. 
: 
: 


Manvfacturers of Metallurgical, Agricultural and Pharmaceutical Chemicals 
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New Materials 
and Equipment 


Decalcomania Film 


A new 23-karat gold film for deci, 
mania applications, such as gold strip 
and decorative display, is available | 
lengths up to 45 in. and widths from 
to 2 in. from Palm, Fechteler & Co, » 
W. 42 St., New York 18. 





Heat Treating 





Lithium Atmosphere Unit 


A compact lithium vaporizer whi 
be connected to any direct oil or gas fi 
batch or continuous furnace to provid 
protective atmosphere has been develo 
by the Lithium Co., 111 Sylvan Ave., Ne 
ark 4, N. J. 

By altering the natural water-gas eq 
librium, the lithium vapor is claimed 
afford protection against normal oxida 
for steel up to 2500 F during hea 
Protection up to 2200 F against seconu 
oxidation during cooling in the fum 
or during transfer of the work for quem 
ing or any of the post-heating fom 
operations is also claimed. 
















This compact furnace accessory prim 
protective lithium atmospheres {0 ' 


treating. 


The equipment consists of a simple, 
tractory-lined steel chamber, heated w 
or electricity, through which fs! 
lithium vaporizer tube. A boat contaill 
a cartridge of lithium compound is ins 
into the tube and is then heated so tht 
carrier gas which is also injected @ 
the vaporizer tube picks up the vap™ 
lithium and introduces it into the fue 
chamber. This carrier gas may bé the pa 
ucts of combustion from the fun 
other convenient generated gas | 

In addition to eliminating the 
pickling, blasting or other descaling ' 
erations, lithium atmospheres 4 ° 


MATERIALS & METHOMBEEE, 














his new plant 
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lable 
from | 
Co,, 2 
| it 
hich 
1EVELON 
ve., Ne 
gas edi 
mad NIALK TRICHLORethylene 
OXICat 
 heanng 
ee Are you looking for a thoroughly dependable source of supply 
r ques for trichlorethylene ? 

















Niagara’s new plant for the production of NIALK TRICHLORethylene 
is completely modern and makes use of special control equipment 


to satisfy the most exacting requirements for quality and stability. 


It is designed to permit increased production facilities — 


to meet expanding demands. 


This coupon brings you a booklet which answers all your 
questions about NIALK TRICHLORethylene and 
Niagara Alkali Company. Fill in and mail today. 


eeseeeseeoec aon eoecoqge eeaeneeseeoue eee eevee @ 
S 


NIAGARA ALKALI COMPANY 


é 


Niagara Alkali Company, Dept. F, 
60 East 42nd Street, New York 17, N. Y. 


Gentlemen: Please send me a copy of your booklet on NIALK 


TRICHLORethylene. 


d tl 60 East 42nd Street, New York 17, New York ® Name. ‘ er sties 
vap ° 

he fu Liquid Chlorine - Caustic Potash ‘ Position_ ——_—— —— 
the Carbonate of Potash lirm— 


@@¢@28 2 ® 


Paradichlorobenzene : 
Street_ a 





Caustic Soda 


NIALK TRICHLORethylene 


Se I 
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The Universally Recognized Leader in 


WARONESS TESTING New Materials 


and Equipment 


Instruments, Equipment and Accessories 


There is only one measure of value in hard- 
ness testing equipment: Dependable Accuracy. 
WILSON’s 27 years of research, production 
and standardizing of such equipment assures “i frequently to provide lubricating charagy 
: - : . ; istics valuable in hot working or cold dup 
quality approaching perfection. Wilson Field e ing, reducing wear on dies, and ioced 
Service Engineers (1) study users’ require- ~ the effective service of forming rolls aj 
ments, (2) recommend most suitable equip- tools between redressings. 
ment, (3) supervise installation and (4) make | 
sure of continued faithful service. 
Choose WILSON equipment to suit your 
needs, with pre-assurance of its depend- “ROCKWELL” Atmosphere Generator 
able accuracy. HARDNESS TESTER A compact, completely automatic atm 
Pe Tes Made Only by Wilson phere generator for heat treating furnyy 
“ROCKWELL” HARDNESS TESTER— is now being produced by Ipsen Industri, 
developed and made only by Wilson. For laboratory, toolroom Inc., Blackhawk Bldg., Rockford, Ill. Tk 
or production line testing. Vertical capacities from 3%” to 16” Endothermic generator is available in ¢ 


Din todlent’teaiiele aveliahie , eral capacity ratings and can be opera 
‘ | up to 2150 F. 


~~ KI er sae ° / Air and raw gas are drawn through fo 
a WELL BF Boner othe ee i 4 a TD | meters, accurately proportioned, and pumpd 
r i ; on | ; : 




















HARDNESS TESTER—especially suited for 

testing thin material, nitrided or lightly 

carburized steel and areas too small for 

regular ““ROCKWELL” Hardness Tests. 

Depth of indentation .005” or less. Satis- 
factory for general testing where surfaces are 
smooth and materials homogeneous. 


~FUKON—for micro-indentation hardness testing 
with either Knoop or 136° Diamond Pyramid In- 
denter. Made in 3 models to cover the full 
range of Micro and Macro Hardness test- 3 caine a 
ing with loads from 1 to 50,000 grams. WICROHARONESS TESTING 




















ACCESSORIES. “BRALE’ is the only diamond 

indenter made to Wilson’s precision standards. e TEST BLOCKS 

—enable you to keep your instrument “Laboratory’’ accurate. 

e EQUITRON—fixture provides means for accurately positioning 

test samples. e ADAPTER—permits testing inner cylindrical sur- 

faces with unimpaired accuracy. e WORK SUPPORTS—facilitate | 

testing of variously shaped rod stock, tubing or irregular shapes. Shown here is an Ipsen endothermic yt 


erator installation. 
FOR DETAILED INFORMATION | 5 ; . 
—fill in the coupon below and mail to us. | through a fire check into the exter! 


gid i LS O fe | heated catalytic cracking retort. Upon 
MECHANICAL INSTRUMENT CO., INC. AGEO | ing, the gas can then be piped and meet 


to one or more furnaces. Once proportit 
AN ASSOCIATE COMPANY OF AMERICAN CHAIN & CABLE COMPANY, INC. OS go ; ” 1“ 
ing is set, only the required volume 0! ? 

230-E PARK AVENUE, NEW YORK 17,N. Y. 


is generated. 

The Ipsen gas has a dew point o! !' 
and a composition of 21 carbon monout 
40 hydrogen, 38 nitrogen, and 1% 
ane. 


| 


Please send me further information on the subject checked: 


“ROCKWELL” Hardness Tester [_] 
“ROCKWELL” Superficial Hardness Tester [] TUKON [] Accessories [] 


NAME 





Atmosphere Furnace 


A new controlled atmosphere {uri 
available custom-built or in a rang ® 
standard capacities, is being manufac 
by Industrial Heating Equipment Co. yr 
Fremont Pl., Detroit 7, Mich. The fuss 
is suitable for dry cyaniding, light °° 


TITLE 





COMPANY NAME 





ADDRESS 
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yOu CAN se SURE... ie is 
\Vestinghouse 


—r— =o aut eee eer ae owe ee ee eS ee ee eS ome 
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GAS-FIRED 
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FOR THE MAN 
WHO CAN'T BE “SOLD” 


Careful buyer? Then, here is help in selecting This unbiased engineering and metallurgical 
the equipment to do your job best. You see, service is called Therm-a-neering. It matches 
Westinghouse makes both electric and gas- the equipment to your job . . . provides the 
fired furnaces, plus the atmosphere equipment hundreds of design details that make your heat- 
that may be required. Thus, Westinghouse treat line run smoothly and economically. 
engineers have no favorite type of firing or Give Therm-a-neering a chance to help you. 
construction to sell. Instead, they study your You won’t have to be sold. You'll know why 
heat-treating problems with 2 view toward it’s best to buy Westinghouse. Call your nearby 
recommending the equipment to do your Westinghouse representative for details, or 
job best. write Westinghouse Electric Corporation, 180 
And you can preview results! A well- Mercer Street, Meadville, Pa. J-10346 
equipped metallurgical laboratory will sample 
fl heat-treat your work and demonstrate the mass 


astil production results you may expect. 
, meth 


ern JCCTING. A WEAT AND METALLURGICAL SERVICE THAT 

FERS WITHOUT OBLIGATION: 

INEERS —Thermal, desi 
’ gn and metallurgical engineers to help you study § C C 
neat treating problems with a view toward recommending specific heat- ~ G A A N D E L E TRI 

& lurnaces and atmospheres. 

SEARCH 4 a i i 

mples tc F mi well-equipped metallurgical laboratory in which to run test 


expe mstrate the finish, hardness, and m urgical results that can 
cted on a production basis. 


) 
DUCTION— 4 modern plant devoted entirely to industrial heating. 


P 
ence Manufacturers of a wide variety of furnaces—both gas and elec- 
and protective atmosphere generators. 


FBRUARY, 1950 























e True wall thicknesses 









e Tough, close-grain metal 


gr 


Are you thoroughly familiar with 
the superior qualities of “centrifugally cast’ high alloys...such 
as these cylinder liners, for example? 

Centrifugally cast metal is exceptionally uniform, close-grained 
and strong. It is free of pits and pockets. It is capable of passing 

ji very rigid tests. And the practical advantage is that as long as 
there is a central circular hole, almost any outside shape can be 
cast. Some of our customers want their castings centrifugal even 
though considerable boring and other machining is necessary to 
finish the piece. 

We recommend our centrifugal casting service if your require- 
ments call for the characteristics outlined above. Our high alloy 
foundry is modern in every respect and staffed by metallurgists 
and foundrymen of many years’ experience with both centrifugal 
and static castings. 


U nALU Y comPaNy 


12 East 4lst Street, New York 17, N. Y 


Detroit 
F_B CORNELL & ASSOCIATE 


THE 
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New Materials 
and Equipment 






burizing and clean hardening, and js wil 
to lower costs of operation and Maintenang 
Several features claimed for the new |iy 





This Model, No. CA-400, quenches throug) 
air which permits water quenching 
Martemperting. 


are high convection for fast heating 





tive passage of alloy components 
designed especially for quenching. Far 
radiant tubes are mounted so as to be eas 
accessible when maintenance is require 
The generator is separate from the furnace 
but close-coupled so that the generated gu 
does not cool and reverse chemically befor 
entering the work chamber. 








B® Pro 

Bto kee 

o « « Hl Bcessior 
Cleaning & Finishing Re: 
Bture ai 

Bare be 

. , marke 
Continuous Cleaning possib 
A completely enclosed washing anc pid Use 
ling machine which is said to parts 
pickling time to less than one-third a where 
permit a large reduction in volume ® sary, i 


processing solutions is being marketed ! ‘Wade 
; : Thi 

R. C. Mahon Co., Detroit 11, Mich. ! : 

eres pensiv 


equipment provides a continuous prot 


for the preparation of metal surfaces ' pcrap | 
receive porcelain enamel. The 

High processing efficiency is made facture 
sible by the new Mahon Hydro-Hermet Merid 
Seal which prevents loss of active chemi@ ample 
fumes, reduces ventilating requirement ' bigner 
a minimum, and eliminates both the se Tr 
sity for a tremendous intake of = 
an open conveyor slot and the [és ns BBR A 
necessity for replacement of air will q 
building. 

Mild steel is used for the tan BERTI] 
nel housing except where corrosiv' Dep: 


rials are in contact or fumes prevaie! h 


these areas, steel is lined with lead of ™ . 

ber, or Monel metal is used. The monet” Nora 

conveyor, which operates in the ope? "Ha 
SPFEBR 
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OPPER ALLOY BULLETIN 


REPORTING NEWS AND TECHNICAL DEVELOPMENTS OF COPPER AND COPPER-BASE ALLOYS 














brepared Each Month by BRIDGEPORT BRASS COMPANY Bede Headquarters for BRASS, BRONZE and COPPER 
co. 
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Product designers are striving hard 
to keep their goods ahead of the pro- 
cession in the steadily growing buyers’ 
market. Many old methods of manufac- 
ture are being discarded and materials 
are being selected with greater care to 
market goods of higher quality and, if 
possible, at a lower cost. 


Ica 












Use of stampings and screw machine 
parts to replace castings, especially 
where finishing and plating are neces- 
sary, is becoming more common. High 
foundry costs and the need to reduce ex- 
pensive finishing operations and high 
crap losses, is behind this trend. 

The electric coffee percolator, manu- 
factured by Manning, Bowman Co., 
Meriden, Conn., serves as an ideal ex- 
ample of the efforts of the product de- 
Signer to meet active competition. 


yr oces 


ces 


rmetit 
emitl 
nts © 
nectt 
The percolator, excluding heating 


ic MP RASS » BRONZE 


. MILLS IN 
nuit fae *!D GEPORT, CONNECTICUT 
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In Canada: 





nore Noranda ¢ opper and Brass Limited, 
abort Montreal 
(oN EBRUARY, 1950 








In a line in the center of the photograph is the body with base and cover in front. At the front 
left are the two half sections of the spout—Courtesy Manning-Bowman Co., Meriden, Conn. 


Improved Quality, Reduced 
Costs Possible Through Brass 














unit, glass top and handle, has four 
main parts— body, cover, spout and 
base which contains the heating unit. 


Low brass, 80% copper and 20% 
zinc, is used for the body and bottom 
while commercial bronze strip metal, 
90% copper and 10% zinc, is used for 
the cover and the two-piece spout. 


Slush Casting Eliminated 


For many years white metal slush 
castings were used for spouts. How- 
ever, despite the low cost, there were 
many disadvantages in this type of 
spout: the nickel-chrome plate had a 
tendency to peel and the color tone was 
rarely a perfect match to the body. 


Now, the spout is fabricated from 
two stampings of commercial bronze. 
This is more ductile than 80-20 yet 
work hardens enough so that after 








press forming, danger of denting is 
minimized. Silver solder joins the two 
sections together and to the body. 


Mechanical Strength High 


Since the base and body are sub- 
jected to danger of denting during nor- 
mal use in the home, 80-20 brass was 
selected due to its naturally high ten- 
sile strength and hardness which are 
increased greatly through the cold 
working operations. 


From the manufacturing side this 
brass is subjected to rough treatment 
in the bulging operation put on the 
body. Bulging is a stretching operation 
and the metal must have sufficient ten- 
sile strength to keep from tearing. 


Buffing is also facilitated on this 
alloy because a fine grain structure is 
assured through care in annealing. 


Bead and rolled grooves at the top 
of the body and the base increase the 
beauty of the product and stiffen the 
sections for greater strength. 


Nickel Silver for White Color Base 


An interesting use of an alloy for 
color as well as corrosion resistance is 
found in the piece which receives the 
valve in the base of the percolator. 


Nickel silver, 65% copper and 18% 
nickel, is used for this part. Due to con- 
tinual insertions and removing of the 
coffee tube, wear is quite high. AIl- 
though this part is nickel-chrome 
plated, the plate wears off in time. With 
nickel silver the white color remains 
despite wear, keeping the inside of 
the percolator shiny and clean. 


In a product such as this, copper- 
base alloys give the ultimate in beauty, 
ability to withstand abuse and wear, 
as well as corrosion. Added to this is 
the ease with which these alloys can 
be worked, buffed and plated. 


Metal problems involving reduction 
in manufacturing costs through change 
in alloys and temper will gladly be 
handled by our Metallurgical Labora- 
tory — Contact our nearest District 
Office for Bridgeport service. 


* ROD - WIRE - TUBING 


BRIDGEPORT BRASS COMPANY 
BRIDGEPORT 2, CONNECTICUT 
Established 1865 


"wide District Offices and Ware- 
ca 


i houses in Principal Cities 
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One of the three 1000 
KW. Ajax-Scomet Elec- 
tric Induction Furnaces, 
for melting brass, re- 
cently installed at Wa- 
terbury, Connecticut 
for the Scoville Manu- 
facturing Company. 


For faster melting, lower melting 
losses, close temperature control, 
and complete dependability in qual- 
ity results, Scovill Manufacturing 
Company chose the 1000 KW. Ajax- 
Scomet Electric Induction Furnace 
for its new plant. It is the largest 
and most powerful electric melting 
furnace ever made for brass. 


Holding capacity is 20,000 
pounds, with an hourly melting rate 


of 54% to 6 tons. Under controlled 
conditions, molten metal is supplied 
to continuous casting machines for 
the production of brass strip of un- 
precedented size. 


Ajax engineers bring you over 
thirty years’ experience in the in- 
duction melting field. Ajax-Scomet 
Electric Induction Furnaces offer 
distinct advantages in‘ cost reduc- 
tion and manufacturing efficiency. 


AJAX ENGINEERING CORPORATION 
Trenton 7, New Jersey 








AJ 


> INDUCTION MELTING FURNACE 








TAMA-WYATT —— @ 





PS hesociate Companies: AJAX METAL COMPANY, Non_Ferous ingot Mets snd hiieys for Foundry Use 
AJAX ELECTROTHERMIC 
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ASAX ELECTRIC Co., 
AJAX ELECTRIC FURNACE Cone., jax. Wyatt Induction Furnaces for Melting 


cone. Northrup Frequency induction Furnaces 
= An Nan tedhen Cache Sok Bom Fornece 





New Materials 
and Equipment 





the machine, is fitted with Monel metal 
adapters which are the load-carrying mediyy 
that passes through the Hydro-Hermy 
Seal. 

The 10-step process consists of emulsio; 
cleaning, clear water rinse, alkali Cleaning 


A Hydro-Hermetic Seal makes possible high 
processing efficiency im this new R. ( 
Mahon continuous cleaning equipment 





three-stage water rinse, sulfuric acid bath, 
acid water rinse, nickel sulfate bath, cyanik 
neutralizer, borax neutralizer rinse and ho 
air dry-off. 





Paint Heater and Sprayer 


A circulating-type paint heater which ca 
spray directly from the paint containe 
without the use of a pressure tank has bees 
announced by Bede Products Inc., 431! 
Ridge Rd., Cleveland 9, Ohio. A pum) 
especially designed for hot spray circulatt 
the paint from the container through th 
heater to the spray gun and return. 











Painting of metals is facilitated by the 
Bede hot spray equipment. 


The explosion-proof heater is claime¢ " 
raise the paint to any desired temperatutt 
generally 180 F, to produce paint films 
better quality at lower costs for pai! 
thinner and labor. 


MATERIALS & METHOD... 








Henre’s excess temperature protection in the modern manner... with every 


atts / feature that you would include if you designed and built it yourself. It 
the 7, provides instant shut-down in the event of excess temperature . . . and 
/ affords a new high in work-load and furnace protection. 
4 : — 
4 Check these Protect-O-Vane advantages: 
4 
/ @ Reset must be manual and is not © Thermocouple burn-out protection 
effective until temperature drops is standard. 
olow safe point. i , 
WORLD'S below safe point @ Universal case... permits flush or 


LARGEST een. - ’ or) . ° . 
i liane e “Fail-Safe” design . . . flashing surface mounting ...at no extra 


FOR ADVANCED signal warns of component failure. charge. 
INSTRUMENTATION 


AND CONTROL Your local Honeywell engineer is ready to give you more detailed infor- 





mation . . . he is as near as your phone. Call him in, today, or write for a 
copy of Specification Sheet 113. 





\a 


MINNEAPOLIS-HONEYWELL REGULATOR CO. 
nel i BROWN INSTRUMENTS DIVISION 
4517 Wayne Ave., Philadelphia 44, Pa. 


Offices in 77 principal cities of the United States, Canada and throughout the world 
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New Materials 
and Equipment 


LOW-COST 
HYDROGEN 








AND 


NITROGEN 


YOU effect real economies when you use Barrett Standard 
Anhydrous Ammonia as a replacement for other more ex- 
pensive sources of hydrogen and nitrogen. 


Barrett Standard Anhydrous Ammonia (Refrigeration Grade) 
contains a minimum of 99.95% NH; and is oxygen free with 
a very low dew point. When dissociated, each pound produces 
approximately 34 cubic feet of hydrogen and 11 cubic feet 
of nitrogen. 


Engineers have discovered many advantages from the use 
of dissociated ammonia in the production of controlled at- 
mospheres in furnaces for bright annealing, clean hardening, 
copper brazing, sintering, reduction of metallic oxides, atomic 
hydrogen welding, radio tube sealing and other metal-treat- 
ing practices. Anhydrous ammonia also has unsurpassed 
qualities in nitriding of steel, used as ammonia gas or dis- 
sociated. 


Barrett Standard Anhydrous Ammonia is available in 150, 
100 and 50-pound cylinders from stock points conveniently 
located from coast to coast; or, for larger users, in tank car 
shipments from Hopewell, Virginia, and South Point, Ohio. 


The advice and help of Barrett technical men are available 
to Barrett customers without charge. For information, con- 
tact Barrett, America’s leading distributor of ammonia. 


THE BARRETT DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 


40 RECTOR STREET, NEW YORK 6. N.Y. 








The new Marschke buffing and | 





*Reg. U. S. Pat. Off. 


Disk File 


A disk file has been developed by Ky 
nametal, Inc., Latrobe, Pa., for OPerations 
on nonferrous metals and plastics cop 
monly performed by grinding. The file 
which consists of triangular prisms ¢ 


Pictured here are three sizes of the ney 
Kennametal disk file. 


Kennametal (90 Rockwell A_hardnes 
copper-brazed to the face of a steel back 
plate, eliminates the expense involved i 
frequent replacement of abrasive wheels 


Buffing and Polishing 


A new Marschke buffing and _ poblishig 
machine has been developed by the Vonm 
gut Moulder Corp., Indianapolis, Ind. lt i 
made with one and two spindles in various 
sizes with motors ranging from 1 to 30 )) 

According to the company, the desigs 
which features a so-called ‘“‘underslusg 
spindle,” offers the following advantage 

1. Relatively long, thin spindle is uw 
usually rigid because the bearing suppott 
entirely above the spindle, and this cot 
struction makes restriction of the depth « 
width of the overarm unnecessary. 

2. No structural interferences for sp 
ing other bearings to best advantage alos 


r ° } 
machine features an “underslung pind 


MATERIALS & METHOD! 
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mn the photo above you see a complete 
HHevi Duty heat treating set-up in less 

han nine feet of space. With it, you 
its an do most general atmosphere hard- 


it Mieening, tempering, and annealing of 
0 hp ‘ 

esi, Pe’ tS UP to approximately 12” long... 
‘slut Mincluding the treatment of high-speed 
tages } 

a 001 steel. 

ort i But what you can’t see in the photo 


e the extra years of service the man- 
facturer has built into his products. 
dnly time on the job— your job—will 
eveal those. 

For example: In the Hevi Duty 
reet-All furnace, the muffle is made 
p>? Met Inconel*, In the Hevi Duty Atmo- 
sen Generator, the cracking retort and 
phot” ( 

For ] 


nections are made of Inconel. 


-heat applications such as 





Jjsbins 
indle. 






1oDs 
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built with INCONEL .. .tor long life at high temperatures 


HEVIEBUTY Furnace Equipment 


these, where temperatures may reach 
2200° F., Inconel is one of the most 
durable metals available to present- 
day designers. Because of its outstand- 
ing performance record and excellent 
cost-to-service ratio, many of the na- 
tion’s leading fabricators have adopted 
workable, weldable Inconel as a stand- 
ard metal for high-temperature equip- 
ment. 


If you are looking for ways to cut 
heat-treating costs, you can’t do better 
than to investigate furnace equipment 
made of Inconel! 


For further information about In- 
conel...or for help with your metal 
selection and fabrication problems... 
write to our Technical Service De- 


partment. *Reg. U. S. Pat. Off. 


TRE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N. Y. 


Complete Hevi Duty heat-treating 
set-up for small parts. Left to right 
are control panel and Atmo-Gen 


Generator, HDT-5610-CU Furnace, 


Treet-All Furnace, and Temperite 


Furnace. Furnace baffles are made 


of Inconel. 





Rear view of Atmo-Gen Generator 
showing cracking unit and piping. 
The generator cracks ammonia 
gas in a heated Inconel retort. 


The equipment shown on this 
page is manufactured by Hevi 
Duty Electric Co., Milwaukee 1, 
Wisconsin. 
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“Courteous treatment 
by salesmen... 


that’s only one of the things 


we mean by Service Plus! 





recent survey of our customers impressed us again with the fact that “a 
company is only as good as its personnel!” Many customers:told us 
that they like to do business with United States Steel Supply Company be- 
cause of the courteous attention they receive from our salesmen. We’re glad 
their efforts are appreciated and we assure you that every order you place, 
large or small, will receive prompt, courteous attention from men who know 
their business. 

Service Plus is our pledge to handle your order as you want it handled. 
Our capacity to serve you includes a complete range of steel products, an un- 
rivaled reputation for prompt delivery, and years of experience in providing 
the most complete steel service available. 


- STRUCTURALS - SHEETS - STRIP - REINFORCING BARS 
STAINLESS - ALLOY STEELS - ALUMINUM 
TOOLS - EQUIPMENT - MACHINERY 


UNITED STATES STEEL 
SUPPLY COMPANY 


Warehouses: 


BALTIMORE - BOSTON ~- CHICAGO + CLEVELAND - 





LOS ANGELES 


MILWAUKEE - MOLINE, ILL. - NEWARK - PITTSBURGH - PORTLAND, ORE. 


SAN FRANCISCO - SEATTLE - ST. LOUIS 


Also Sales Offices at: KANSAS CITY, MO. - PHILADELPHIA 
TULSA - YOUNGSTOWN 


Ta ee 


Headquarters Offices: 208 S. La Salle St.— Chicago 4, Ill. 


7A 2 


* TWIN CITY (ST. PAUL) 
+ TOLEDO 
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underside of bearing support or for locas 
ing motor and power transmitting denik 

3. Frame gives strength, rigidity anq « 
curate bearing alignment. 

4. Longer and larger bearing Suppor 
arm can be furnished for longer spindj, 
without excessive additional cost. 

5. No interferences under spindle be 
tween wheels and side walls of base. 


Welding & Joining 





Corrosion-Resistant Cement 


A thermo-setting synthetic resin cemen 
Lecite, has been developed by Electro Chen. 
cal Supply & Engineering Co., 750 Brow 
St., Emmaus, Pa., for jointing acid-prodl 
brick and pipe where corrosion is a facto 

Lecite is inert to solvents, fats, cil, 
greases, alkalis and acids (except stroy 
chromic, nitric and sulfuric over 60 deg 
Bé) at temperatures up to 375 F. 


Arc-Welding Electrode 


An improved arc-welding electrode, V. e 
22, has been announced by the Appardu — 
Dept. of General Electric Co., Schenecut in 
5, N. Y. The reverse polarity dc. 1% he 
AWS Class E 6010, is designed specific) 
for vertical and overhead welding of In 
types of joints in mild steel. di 

A penetrating arc makes the W-22 sut 
able for welding galvanized plate stock a P 
facilitates the welding of lap joints « ] 
edge welds. The new electrode can be ust 
for the repair welding of castings becut p 
of its low volume slag-forming characte re 
tics. High tensile strength and ductlin si 
with good impact resistance are claim ) 
for the W-22 bead. te 

in 
4 Se 
Solder for Aluminum n 

A hard solder-type alloy, Eutecrod |? 
for joining aluminum to steel, bronze 2 
copper has been announced by wed a 
Welding Alloys Corp., 40 Worth * B 
New York 13. The low-melting alo ' 
available in 1/16-, 3/32- and Y%-ia. Sé 


form. 

It is recommended for sealing 
spot welds and general soldering of @™ 
num, and is said to be especially us BAK) 
where a solder as white as possible is * 
sired. 
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313 savings 


per machine! 


st ivE YUURSELF _ 





EBRUARY, 








Dispensing rings and shaft bushings 
molded by Plastic Fabricators, Inc. 


BAKELITE Phenolic Plastics provide Better Parts at Lower Cost 


for Kenro Ice Cream Vending Machines 


@ ABETTER PRODUCT at a considerably lower cost 
—that’s welcome news at any time, but especially 
in these days of shrinking profit margins. Here’s 
how the manufacturer of the Kenro ice cream vend- 
ing machine employed BAKELITE Plastics to pare 
direct manufacturing costs by $313.12 while im- 
proving efficiency: 


1. Die cast metal rotary dispenser units were re- 
placed by plastic rings molded from BAKELITE 
general-purpose Phenolic material. Each ring con- 
sists of two sections which are mechanically fas- 
tened to form a unit. Four such units are installed 
in each machine. Direct savings of the plastic as- 
sembly over the die cast unit amount to $76 each, 
making a total saving per machine of $304. 


i Eight shaft bushings, formerly produced from 
a soft metal at $1.20 each, are now molded from 
BAKELITE Phenolics at 6¢ each, providing further 
savings of $9.12 per machine. 


Visit the National Plastic Exposition, 
Navy Pier, Chicago, March 28-31 


1950 





3. Weight of the machine was reduced by 30 
pounds providing additional savings in shipping 
costs. 


4. Production was speeded by eliminating several 
machining and finishing operations. 


It may pay you, too, to redesign your products or 
component parts with BAKELITE Plastics. Our rep- 
resentatives will gladly consult with you without 
obligation, of course. Write Dept. U-17 today for 
your copy of our illustrated booklet “Simplified 
Guide to BAKELITE and VINYLITE Plastics” which 
describes the many types, forms, advantages and 
typical applications of these cost-saving materials. 


TRADE-MARK 





| BAKELITE 
_ DIVISION. 
Pamasreecs |. UCC SE 














PAKELITE DIVISION, Union Carbide and Carbon Corporation, 30 East 42nd Street, New York 17, N. Y. 
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PREFERRED! 


FOR SILVER BRAZING OF 








€&® SILVALOY 15 


THE SILVER PHOSPHORUS COPPER ALLOY 


WHY ? 


¢ IT IS EXTRUDED IN ROUND FORM. 
© IT HAS SHORTER GRAIN. 


¢ IT HAS NO JAGGED EDGES, 
THEREFORE EASIER HANDLING. 


¢ IT SPEEDS UP PRODUCTION. 


Silvaloy 15 has become the preferred alloy for brazing 
copper, brass or bronze, either to themselves or to each other. 
Melting at 1185°F and flowing at 1280°F, Silvaloy 15 makes 
high-strength joints which have as good electrical conductivity 
as the joined metals and, furthermore, are leak-proof and 
highly corrosion resistant. 


On copper, the phosphorus in Silvaloy 15 acts as a fluxing 
agent, so that no flux is needed. On brass and bronze, small 
amounts of APW flux are recommended for perfect results, 
although this is not always necessary. Use Silvaloy 15.for 
brazing copper refrigeration coils, copper electrical parts, 
water heaters, copper, brass and bronze tubing and pipe and 
innumerable other applications involving copper and copper 
alloys. Silvaloy 15 is supplied in extruded round wire rod, 
sheet, strip, wire coils, rings and special shapes. 


OTHER ALLOYS MANUFACTURED BY THE AMERICAN PLATINUM WORKS 











ALLOY NO. SILVER CONTENT | MELTING POINT FLOW POINT 
SILVALOY 20 20 % 1430° F 1500° F 
SILVALOY 35 35% 1125° F 1295° F 
SILVALOY 40 40% 1135° F 1205° F 
SILVALOY 45 45% 1125° F 1145° F 
SILVALOY 50 50% 1160° F 1175° F 
APW 250 40% 1222° F 1416° F 
APW 355 56% 1152° F 1203° F 

















APW No. 1100 Low Temperature Flux and APW No. 1200 
Universal Flux recommended for use with these alloys. 


THE AMERICAN PLATINUM WORKS 


231 NEW JERSEY R. R. AVENUE NEWARK 5, N. J. 


CHICAGO SALES OFFICE: 55 E. WASHINGTON STREET 
DETROIT SALES OFFICE: 5151 WESSON AVENUE 
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Steel Electrode 


A high-speed electrode, Steel-Teg, 
which is claimed to weld bead over be 
without the need for removing slag ; 
being marketed by Eutectic Welding Alloy du 
Corp., 40 Worth St., New York 13. A ney 
FrigidArc flux coating is said to permit, DP 
spray deposit free of weakening oxides 4p) 
inclusions. 















































The 5/32-in. electrode can be used x UT! 
low as 50 amp. on thin steel, reducing djs. b Ke 
tortion and allowing use of heavier, |e one, 
expensive rods. For piecework production easi 
on the other hand, it can be run at high Loco} 
amperages as a_ thin-depositing electro& jagra 
with a short arc. unife 

ifical 
act Pp 
hd latit 
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Brazing Preforms 


A new method of coining silver allo 
washers for various fusing, bonding, bra 
ing and soldering operations is claimed 
make possible reductions of 30 to 52% i 
the cost of silver brazing preforms. 

Developed by the Lucas-Milhaupt Eny 
neering Co., 5057 South Lake Drive, Cua 
hy, Wis., the process eliminates costly dit 
and excessive scrap associated with conver 
tional stamping methods. The washer & 
formed by subjecting round wire rings @ 
180,000 psi. between polished dies; ofl 
as much of the silver alloy is used 4 5 
necessary to form the washer. 

The washers, which fuse into metal mot 
readily than wire rings, are available io 
Easy-Flo and Sil-Fos, and can be product 
in a variety of shapes and sizes to met 
individual specifications. 





low 
ntac 
Brazing Paste 
Copper in paste form, tradename 
“Cubond,” can now be used in furnit 
brazing to provide more speed ana ™ 
waste than conventional sources such ® 
rings, foil, slugs and electroplat This § ogra 
the claim of Metals Refining Co vis a 
of Glidden Co.), 1717 Summer >. ‘eat oe 
mond, Ind., which has also levelope Ms 
applicator guns for the paste. T! ese ° F * 
apply Cubond as an extrusion in the Pn Op 
of rounds or ribbons in definite qu 
depending on the trigger setting j NC 
The pastes are produced in two gene 


types: one with a synthetic petroleum bs 
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»ducing Laboratory 
ppying Costs 





UTION: Make photocopies 
Kodagraph Contact Paper. 
one, with simple equipment, 
easily make accurate, lasting 








hich ocopies of reports and papers. 
jagraph Contact Paper is dura- 
uniform in quality. Developed 
ifically for use with existing 
act photocopy machines, it has 
p latitude... it assures Clean, crisp 
es of unsurpassed legibility. 








ocopies save the costs of copying by Photographic intermediates make better Microfilming protects your records, 
J... and insure absolute accuracy. prints... and save your originals. keeps them in order... and saves space, 
! 
! 
! 
i 
i 
mi . ° . © . . 
bre legible photocopies Longer lasting, higher quality Space savings—up to 98%— 
low cost with Kodagraph intermediates on Kodagraph through Kodagraph and 
ntact Paper. Autopositive Paper. | Recordak microfilming. 
i 
name i 
urna 
: > MAIL THIS COUPON... 
‘i , ‘eer 
visi graphy reproduces detail exactly, com- ! 
Hast ly—eve; improves quality; photography pre- ! EASTMAN KODAK COMPANY inoustriat PHOTOGRAPHIC DIVISION 
elope’ ES —2nd, if you wish, condenses or enlarges. |} ROCHESTER 4, N. Y. 
> gue pon you lower costs, increase efficiency, Please send me more information about 
fort eratic : ' : : a % . 4 
ail Perations ...in laboratory, factory, office. 0 better photocopies [1 better distribution prints 
N 1) microfilming to save file space ” 
wo MINCTIONAL PHOTOGRAPHY | ian: ae 
n pe sas 
, . ! a 
” ‘erves scientific and . a 
{ , . - 
‘trial progre 1 COMPANY Le © @\ 
ss 
prog : — le TRADE MARK 
i 
i 
i 
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Preserving 
Drawings and Charts 


SOLUTION: Make photographic du- 
plicates in one printing on Koda- 
graph Autopositive Paper, and get 
file prints or intermediates that will 
stand the wear and tear of handling 
and machine feed-throughs . . . that 
won't yellow, smudge, or fade. Koda- 
graph Autopositive Paper can be 
handled in ordinary room light, and 
can be exposed on familiar direct- 
process or blueprint equipment. 








record-making problems... 
















and how photography helps solve them 





Making Room 
for More Records 


SOLUTION: Put inactive records 
on microfilm, destroy the obsolete 
originals, and use the file space so 
obtained for newer records. Micro- 
filming can reduce the bulk of files 
by as much as 98%-—a sensational 
saving in space. Record your smaller 
papers, your larger documents and 
drawings with Kodagraph Micro- 
File Machines and Recordak equip- 


ment and service. 
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@ Magnetic Perforating Die set-up in small inclinable punch press. 





PERFORATING DIES 


NEW and FAST Method for perforating Sheet Metal 


SAVE PRESS DOWN TIME. Approximately 15 minutes required to 


change from punching one subject of say 20 holes to a different 
20 hole arrangement. Whistler Magnetic Perforating Dies zncrease 


press production. 


HOLD CLOSE TOLERANCES. Hole centers may be held to .0005” 


accuracy or as close as can be jig bored. 


GREATER PUNCH AND DIE LIFE. Concentricity of punch and die 


assured thus giving uniform clearance around punch, increasing 


punch and die life. 


SAVE FLOOR SPACE. Die storage Cut to a minimum because only 


the 2 locating templets are stored .. 





@ Die retainers complete with bushings being 
inserted in die templet. 


all that is required to dupli- 
cate the set-up. 


REDUCE DIE COSTS. Whistler Magnetic 


Perforating Punch and Die units are 
used repeatedly for different hole 
arrangements. When completing one 
job, remove all units from templet and 
put them into service on the next dif- 
ferent set-up. Combine any number of 
hole sizes and shapes. Punch and die 
costs are emailed avid continued re- 
use in many jobs. 


Whistler Magnetic Perforating Punches and 
Dies have proven their cost-cutting advantages 
in many prominent plants. The catalog shows 
how. Send for it today. 


5. B. WHISTLER & SONS, Inc. 


756 MILITARY ROAD, BUFFALO 17, NEW YORK 


Also manufacturers of a complete line of drawing, forming, blanking 
and progressive dies to special requirements. 


First public showing of Whistler Magnetic Dies at work— 
Booth 832—-ASTE Convention—April 10 to 14—Philadelphia. 
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and the other containing a base that dog 
not change viscosity with changes in teq, 
perature. 

The petroleum-base pastes are fyjj 
enough to permit extrusion from guy 
without thinning. They can be thing 
however, for application by brush, 
or dip. The vehicle thins slightly wig 
temperature rise, making the paste suitabj 
for operations where it is expedient » 
apply the copper in one spot and depen) 
on vehicle fluidity to carry the copper » 
nearby areas. 

The petroleum-base products conti 
small quantities of practically residue-fy 
noncorrosive flux. No chemical feactig 
occurs between the copper source and tr 
vehicle, and a bright, clean part surface » 
sults from use of the pastes. They him 
good adherence to steel, and supply coppe 
in a fluidity equal to that of wire at brazing 
temperatures. These pastes are claimed og 
to settle, harden or dry, either in the w 
or on the job. 

The non-petroleum-base pastes, sine 
they do not thin with temperature tise, 
have less tendency to flow away from tk 
joint. In addition, when the vehicle decom 
poses in the furnace, the products are by 
drogen and carbon monoxide, the same s 
used for most furnace atmospheres. As thes 
pastes are heavy, only in special cases a 
they used without thinning. 

The use of Cubond is claimed to prove 
substantial savings in the assembly of pas 
for furnace copper brazing and in cleania 
operations following brazing. 


Aluminum Brazing Wire 


Air Reduction Sales Co., 60 E. 42% 
New York 17, has announced that No. 7! 
aluminum brazing wire is being replat 
by more pressure- and corrosion-resistil 
No. 718 wire. This wire is available 
3/32- and Y%-in. dia. 


Shaping & Forming 





Slotting and Punching 


A portable, hand-operated Inside Slot 
designed for rapid and accurate slotting ™ 
punching up to 8 in. inside, has beeo 
troduced by Beverly Shear Manwfaciw™ 
Co., 3004 W. 111 St., Chicago. The of 
throat slotter has a shearing capacity of 1° 
gage mild steel. | 

Four lower blades, arranged in # ™ 


MATERIALS & METHOD 
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Average Tool Life 


1. Design each tool carefully to perform its job, con- 


sidering fully all known factors which influence 
tool life. 


2. Select tool steel of the correct chemical analysis 


with the best combination of properties for each tool 
or die, 


3. Follow heat-treatment recommendations exactly. 
Use lots of care in hardening and tempering. Avoid 
excessive decarburization. 


4. Establish grinding techniques that produce the 
jideal surface finish for the intended service, free 
from grinding cracks. 


lf you have not been following these four steps 
religiously, do so and you'll increase tool life. 


Bethlehem Steel Company, Publications Department 

Bethlehem, Pa. 

oe send me a copy of your new booklet describing: 

J) Carbon and Carbon-Vanadium Tool Steels [_] Hot-Work Tool Steels 
| Oil and Air-Hardening Too! Steels [] High-Speed Tool Steels 
L) Shock Resisting Tool Steels [] Tool Stee! Selector 


(Check the booklets you wish to receive) 


Name Title 


Comper y 
Company Address 


ee nS eee 


It's not a simple formula. Tool design must take 
many factors into consideration. Grinding procedure, 
too, is a variable that is seldom easy to perfect. 
But follow these four steps, and you're headed for 
better performance and longer life. And we can help 
you when it comes to selecting the right tool steel. 
Heat-treatment technique is another vital step 
where one of our technical men can put his finger on 
the spot that may be causing trouble. All of our tool- 
steel contact metallurgists are experienced tool 
hardeners, and they’ve helped to solve a variety 
of problems involving tool design and grinding. 
Whether it's technical assistance or fine tool steels 
you need, call on Bethlehem. In our mill depot we 
carry ample stocks of carbon, oil- and air-hardening 
grades . . . shock-resisting, hot-work and high-speed 
steels. Just call the nearest Bethlehem sales office or 
tool-steel distributor for complete information. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products 
are sold by 
Bethlehem Pacific Coast Steel Corporation 


Export Distributor: 
Bethlehem Stee! Export Corporation 






















If your designs call for metal plus 








the chemical resistance, toughness, 
electrical insulation, or smooth 
“feel” of hard rubber, use these 


















WAYS TO COMBINE 
HARD RUBBER AND METAL 


a Molded Inserts: Follow standard molding design practice. Magneto 
part above is good example. Seventeen inserts are molded into high 
dielectric Magnon Super Ace compound (dielectric strength 600 v/mil 
at 60 cycles). This Ace grade gives durable strength up to 300°F. 


e Shrink Fits: Screwdriver is insulated by slipping hard rubber tube 
softened in hot water over shank, then slipping heat-softened hard 
rubber handle over both shank and tube. Rubber cools, shrinks, gives 
positive-grip, insulated tool as no other material can do. An idea for you? 


© 


Vulcanized Cement Bond: Two-layer process: Hard rubber outer layer 
for best resistance to chemicals and aging; live, soft-rubber inner layer 
provides resilience. These Ace linings also can be all-hard or all-soft 


rubber, natural or synthetic. 


Ask for ACE Handbook, a gold 
mine of helpful information 

























HARD RUBBER ond PLASTICS 


MERICAN HARD RUBBER COMPANY 
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tangular shape to form a die, provide may;. 
mum support for the shearing action of th 
fifth, or upper blade, as it is brought dowy 
through the metal and into the ayi 
formed by the lower blades. All five high. 
carbon, high-chromium blades can be a4. 
justed to compensate for wear and. varioy 
thicknesses of metal being cut. 

A slot 24% by ¥ in. can be cut at on 
stroke; if desired, a continuous cut, during 





The Beverly Inside Slotter handles mild stes! 
up to 16-gage. 


which the work can be pivoted at any 
point of the stroke, can be made on th 
unit. The point of the 2%-in. long upper 
blade is 8 in. from the throat, which make 
possible an inside cut up to 1014 in. long 
An upper blade for cutting a slot 1/16 in 
wide is available on special order. 

The slotter, constructed of an aluminus 
alloy, measures 18 by 914 
17 Ib. 





in. and weighs 


Cutter for Pliable Materials 


A versatile cutting instrument which w: 
handle disks, gaskets and similar cutting 
of pliable materials down to 4-in. dia., # 
well as straight strips and curves, is bei 
manufactured by Zimmerman Packing C 
2768 Highland Ave., Cincinnati 12, Ohi 

The instrument consists of a durable 


. ° 1. choot 
Shown here is a new cutter for pliable she? 


Pack 


materials, marketed by Zimmerma 
ing Co. 





Bakelite phenolic body and a razor-shal? 
blade. Straight-edged and curved blades #* 
provided for various applications. 






MATERIALS & METHODS 
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HIGH TEMPERATURE PROPERTIES 












of Cr-V and Cr-Mo-V Spring Steels 





r Qramras FOR SERVICE at elevated temperatures require because they retain high yield point values as the tem- 
steels which resist softening and lowering of the yield perature is increased. 
| Point. Unless hardness and yield strength are stabilized 
by correct alloy additions to the steel, these properties 
deteriorate rapidly as the temperature is raised. 


Chromium-molybdenum-vanadium steel was especially 
designed for springs operating at temperatures in excess 
of 750° F. It can be used for springs operating at temper- 

The chart above shows the yield point and tensile atures as high as 850° F or even higher under some con- 
strength of three types of spring steel at elevated temper- ditions. At 800° F, the yield point of this steel is still greater 
atures determined by standard short-time tension tests. than that of plain carbon steel at room temperature. 


Springs of plain carbon steel are sometimes used at If you have a problem in spring applications at elevated 
moderately elevated temperatures, although their lower temperatures, our metallurgical engineers will be glad to 
yield values prevent them from giving service as satis- help you solve it. 


factory as that of the alloy spring steels. 
Chromium-vanadium steel springs, such as AISI 6150, 


f aof 
spee 


Pack give better service at ordinary temperatures because of MAKERS OF CHEMICALS 
the higher yield point. In addition, they may be used at ALLOYS AND METALS 
harp °perating temperatures up to about 700° or 750° F 
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VANADIUM CORPORATION OF AMERICA 


*20 LEXINGTON AVENUE, NEW YORK 17, N. Y. * DETROIT *« CHICAGO ¢ CLEVELAND « PITTSBURGH 


ODS 


















meeting these 
ut 


in designing new equipment? 


Fight them with 
LINDE Synthetic Sapphire! 


LINDE synthetic sapphire is characterized by a 
low coefficient of friction, high melting point and 
hardness, and unusual chemical resistance. Applied 
in many diverse problems, it has paved the way 
for a longer trouble-free life, for both small and 
large parts. 


Economical fo fabricate, valuable uses for this 
material are constantly being developed. A few 
of the many applications to new equipment 
include: precision balls, sleeve bearings, rods, 
and orifices. 


Call or write any LINDE office for detailed 
information on your specific design problems. 


CORROSION 



















Chemical Composition......... Al,O, 

Hardness, Knoop’s............ 1525-1660 

hl al a a 2030°C, 

Dielectric Constant............ 7.5-10 

Coefficient of Friction ......... 0.140 

(Steel pivot on sapphire ring) (0.160 graphite) 

Chemical Resistance Inert to common acids, 
30% NaOH at 80°C., 
and HF at 300°C. 


THE LINDE AIR PRODUCTS COMPANY 


Unit of Union Carbide and Carbon Corporation 


30 E. 42nd St., New York 17,N. Y. [el Offices in Other Principal Cities 
In Canada: DOMINION OXYGEN COMPANY, LIMITED, Toronto 





The term “Linde” is a trade-mark of The Linde Air Products Company. 
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Metal Punches 


Punches claimed to be capable of op. 
tinually punching metal twice the thicknes 
of the punch diameter are now ayailable 
in a complete range of styles and sizes from 
Pivot Punch & Die Corp., 373 Old Niagara 
Falls Blvd., North Tonawanda, N. y. 

These punches, previously produced only 
to specifications, have recently been stand. 
ardized. 


Punch Press 


A 30-ton, double-crank punch press buy. 
ing large bolster area, is being manufactured 
by Diamond Machine Tool Co., 3429 § 
Olympic Blvd., Los Angeles 23. This ma. 
chine, known as Model 3036 Multi-May 





This Multi-Max punch press has a lary 
bolster area for its 30-ton capacity. 





Punch Press, has a bolster area of 16 by 
36 in. and a ram area of 10 by 36 in. 

These features, combined with the 8 
stroke per min. speed of the press, are sai¢ 
to make possible a wide variety of met#! 
stamping operations. 


Melting & Molding 


Preheater for Plastics 


Miskella Infra-Red Co., E. 731d St. 2% 
Grand Ave., Cleveland 4, Ohio, has 
nounced production of a Roto-Veyor ro! 
preheating compression and transfer P© 
forms or for loose powders. 

By reducing the amount of moistufe if 





MATERIALS & METHODS FR 


full finished tubing 


Stainless steel pipe 










large diameter tubing 


TRY ornamental tubing | TRENTWELD! 


beverage tubing 


Whatever your tubing requirements . . . pressure tubing, stock line tubing, cool- 
ing coils .. . TRY TRENTWELD! Trent Tube Company specializes in the produc- 
tion of stainless and high alloy tubing. All mill facilities are designed to pro- 
duce tubing that offers rugged dependability, long life and economical service. 
ih These features coupled with the many advantages of stainless steel tubing make 
" q TRENTWELD ideally suited for use in your application. 
8 You’re assured of quality becouse TRENTWELD is made in a tube mill by tube 
engineers. You‘re assured of proper application, because as tube specialists, Trent 
ne can show you how to apply TRENTWELD to your application . . . better! You're 
assured of finding what you need, because the complete TRENTWELD line ranges 
from Ye” to 30” diameter inclusive. You’re assured of prompt delivery, because 
Trent’s mid-continent location makes every industrial area easily accessible by 
train, plane, boat or truck. 
To meet your stainless or high alloy tubing requirements . . . TRY TRENTWELD! 
One word from you puts our experience at your call. 


TRENT TUBE COMPANY 
Subsidiary of Crucible Steel Company of America 


General Offices and Plant: East Troy, Wisconsin 


Sales Offices: Chicago — 4501 W. Cortland St. 
STAINLESS STEEL TUBING 


New York — Chrysler Building 
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A little heap of powder... 


THAT DOES 
A HEAP 
OF THINGS 





Versatile Carboloy Cemented Carbide makes 
better, longer-lived machine and product parts 


ES, THIS little heap of powder is mighty important, for it is the 
base of Carboloy Cemented Carbide—the hardest metal made by 
man. And it is no secret that Carboloy is doing a host of valuable jobs! 


In fact, the accomplishments of this versatile metal have some- 
times bordered on the sensational. Because of Carboloy’s excep- 


tional physical characteristics, 


lives of some 


machine parts or 


products have been increased as much as a hundred times! 


Countless manufacturers have slashed costs substantially because 
Carboloy Cemented Carbide has increased their production and 
improved product quality. Others have found that Carboloy parts 
in machines made equipment last longer, operate more efficiently. 


Better look into the possibilities of this versatile metal for your 
company. Carboloy Cemented Carbide can do a heap of things! 





A LITTLE PIECE of Carboloy used here as a 
bearing gives fishermen a better, smoother- 
acting, longer-lived reel. And a little, wear- 
resistant Carboloy ring in these fish rod 
guides makes them last longer and operate 
more smoothly, by combating wear. 


/ 


A LITTLE PIECE of Carboloy, in modern metal- 
working machines, steps up production 
efficiency, reduces downtime. Wear-resist- 
ant Carboloy used at wear points on cams, 
cam followers, pins for knurls, stops, trip 
fingers and machine ways can increase 
their lives many times. 


CARBOLOY. 


CEMENTED CARBIDE 





Bb | OD Saha bad 


A LITTLE PIECE of Carboloy inserted in this 
mould produced big savings for a manu- 
facturer of highly abrasive ceramic mate- 
rials. He upped production from 700 to 
100,000 pieces, thanks to the extraordinary 
wear-resistance properties of Carboloy. 


PUT CARBOLOY TO WORK 
FOR YOU 


Very likely your company can use 
Carboloy Cemented Carbide profit- 
ably ... just as thousands of others 
have. Why not find out now how 
Carboloy, used in machine or product 
parts, can help you step up produc- 
tion efficiency, save money and 
improve the quality of your product. 
Talk things over with our engineers; 
they will be glad to advise you 
without obligation. 


CARBOLOY COMPANY, INC. 


11161 E. 8 Mile Ave., Detroit 32, Michigan 


HARD 
METAL 
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preforms before they are placed in the dj. 
the Roto-Veyor improves electrical prope;. 
ties, increases dimensional stability 4, 
minimizes shrinkage and warpage. |r is 
claimed to speed up the cure of all cop. 
pression and transfer powders and to greatly 
reduce the cost of molding. | iY 
Phenolic, urea and melamine compression | 
molding powders can be processed to aj. 
vantage in the Roto-Veyor. The equipmen; 
can also be used for other heating applic. 
tions, such as expanding for assembly 


30! 


Sav 

shrink-fitting, stress-relieving, etc. all 

qui 

Die Casting Machine FU 

Lester-Phoenix, Inc., 2711 Church Ave. Thi 
Cleveland, Ohio, has announced the HP-|.7 

zinc die casting machine, having an average a 

tro 


rating of 400 shots per hr., available sho 
capacities ranging from 4 to 8 Ib. zinc, and 
die plates measuring 21% by 25 in. 
The machine has been designed with ; 
view toward eliminating, insofar as posi: 
ble, the human element in its adjustment. 





Pictured above is the HP-1-Z zinc die cat 


ing machine made by Lester-Phoenix, ln T RO 


ecticut, 








or 
Gooseneck and plunger stem and head att wh. 
claimed to be completely self-aligning. The ardenir 
only adjustment required is accomplished 
by two dog point screws against the bracket ombu: 
seating the gooseneck firmly against berle- 
nozzle. 
is Wi 
D the ¢ 
S Fe Cor 
it pr 
” e process 
Testing & Inspection i... 
— Mploy 
: Sun 
Hardness Testing Balls zy 
; ms 5 
Kentanium, a heat-resistant titanium‘ 
bide material, is now being used by Ke"” ain Of 


metal, Inc., Latrobe, Pa., in the manufactu™ 
of balls said to make possible more reliable 
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ow! More Flexibility 


Than ever before in a small oven furnace 


STEWAR] 


WIDE RANGE OVEN; 
d- 
“B, 300-2400°F ALL-IN-ONE FURNACE 


ly Saves labor time. Get low, high, or in-between heat-treating 
all in one unit. Perfect uniformity. Reaches high heat fast... 
quick return to low, perfectly controlled. 


FULL OR SEMI-MUFFLE OPERATION / 


This unit can be converted from semi-muffle to full muffle by 
means of a silicon carbide top section. Thus atmosphere con- 
trolled hardening as well as normal heat treating can be done. 


DEAL FOR SHOP OR PLANT USE... 
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T ROYAL TYPEWRITER, INC., Hartford, Con- AT CARNEGIE-ILLINOIS STEEL CORPORATION, AT ALUMINUM COMPANY OF AMERICA, 


ecticut, seven Wide Range Ovens are in use. Four Gary Sheet Mill, general forging and forming, Chicago works, this oven is used for miscellaneous 






” bre used on a 16-hr. daily schedule; the other cleaning, etc., are carried out at 1800°-2400°F. tool work. Material heat treated includes tool and 
The hree intermittently for tool and high speed For shrinking operation, temperatures as low as dies of small sizes, shapes and weights. Special 
bet ardening 300°F may be used. removable plug permits center heating of long bars. 
Ke BP ombusti j MAIL ror comp INFORMATION 
* ustion chamber design plus location of special FOR COMPLETE 

ozzle-mixing burners and 95% turn down ratio on TO DAY Attach to company letterhead, or write on company stationery. 


's Wide Range Oven gives tremendous turbulence 
D the combustion gases. This assures close tempera- 
re control and even heat distribution—making the 
nit practical for a multitude of metal heating 


Heating Space: [ |4”x8”"x12” | |6"x12"x18" | |9"x15"x24” 






ic on. on. on ep ania enen co ebmaneae 






j Processes. The furnace is adaptable to two-valve wera Peston} 
) anual control or automatic temperature control, Firm) 
“_ eMploying an air/gas proportioning valve. s 
(Address) 

Sunbeam 
at STEWART INDUSTRIAL FURNACE DIVISION of junbeam CORPORATION 
nnd : (Formerly CHICAGO FLEXIBLE SHAFT CO.) 
oat an Office: Dept. 111, 4433 Ogden Ave., Chicago 23 — New York Office: 322 W. 48th St., New York 19 — Detroit Office: 3049 E. Grand Bivd., Detroit 
able Canada Factory: 321 Weston Rd., So., Toronto 9 
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here’s your 
one-stop source 





for fastening service 

Slotted or Phillips head machine screws, B LA K E & 
wood screws, stove bolts, tapping screws, 

special headed products; nuts, rivets, chap- 

lets, wire forms, screw machine products 

. .. steel, stainless steel, copper, brass, 

bronze, everdur, nickel, nickel silver, 

monel, aluminum .. . . 


THE BLAKE & JOHNSON COMPANY, WATERVILLE 48, CONN. 














NAME 

Please send me your new 

catalog containing full viTLE 

data on the complete line 

of Blake & Johnson fast- 

enings. Se ee eee SS Fe Oe ee eS 
ADDRESS MM-2 
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and consistent hot Brinell hardness tey; 
of materials. The balls, precision ground 1 
true sphericity and close tolerance, are ay; 
able in the standard size, 10 mm. 

During extensive severe tests at 15()( | 
no appreciable deterioration of their yy, 
faces has been detected. 


Strain Recorder 


Baldwin Locomotive Works, Philadelphig 
42, Pa., has announced a strip-chart str 
recorder for use in stress analysis with SR4 
bonded resistance-wire strain gages. Ty 
instrument is a special adaptation of th 
Leeds & Northrup Speedomax Type 
Model §S recorder with simple adjustmey 
for strain gage characteristics, strain ranges, 
and for the Wheatstone bridge circuit. 
The new recorder features a 9)4-in. wik 


From left to right, the six controls 
Baldwin's strain recorder are for SR-4 i# 
factor, strain ranges, zero adjustment, rai 
extender, bridge voltage and gage ressiam 


chart scale, two chart speeds of 6 and !° 
in. per hr., and accommodations for 4 


. . Cla 
atm and four-arm strain bridge. 50” 


varying strains can be recorded for as 0 
as 10 days without changing the chart 


Monochromator 


A universal monochromator, covers ’ 
ultraviolet, visible and infrared regions 
the spectrum (0.18 to 40 microns) = 
suitable prisms or gratings are used, ‘ 
been announced by Perkins-Elmer \ 
Glenbrook, Conn. 

The Model 83 Universal Monochsoml 
consists of the company’s present Model | 
Infrared Spectrometer optics from entrant 

BRI 
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0 an imaginative product designer. . . 


' 
' 






resilience 


ad to 
avail. 


00 F. 


: yielded this idea 


to become 





this product feature 





Du-Fast sander and polisher 
attachment for home utility 4“ ’ 
electric drill. Attachment only curved and irregular surfaces, yet firm enough 
by Du-Fast, Inc., N. Y. ; 





for efficient sanding and polishing. Du-Fast 


ls : got the resiliency they wanted in the illustrated 
4 fm d d 
a Spongex form compounded for the desired 
shane, on ° 

, e Cellular rubber does not become a “product density and compression range and molded 
id 10 ; : 4 : . : ; 4 , — 
on until you make it one in your application of to the specifications of the unit it serves. 
C] } . ee . . . 
et its known qualities as insulation against shock, ' 
s 10m ; ; | In every industry there exists problems that 
att vibration, sound and air and temperature 


Riad Spongex cellular rubber may solve. Think 
transmission. 


about it. If your thoughts are on vibration, 
Du-Fast, Inc., wanted a sander/polisher block _ insulation, cushioning, gasketing, sealing or 


sufficiently resilient for conformation to sound damping, we can be vour greatest help. 
ing of ’ = 







THE SPONGE RUBBER PRODUCTS COMPANY 
303 Derby Place, Shelton, Conn. 
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in BURNISHING MATERIALS 





... it’s the shape that counts! 





Each has its job to do—balls, pins, cones, ovalballs, 
diagonals — each in reality is a burnishing tool scientifi- 
cally designed to make effective contact on any size and 
shape of metal stamping or casting. Abbott Materials are 
not rejects or “cast-offs”. They are made from high quality 
Abbott Bearing ball steel, deep hardened, clean and 
polished to a mirrorlike glass hard finish. Abbott Materials 
give remarkable results — the results you must have to meet 
today’s cost requirements . . . Try Abbott! 


ABBOTT BURNISHING BALLS 


Diameters from 3/32” to 5/8”. Used to produce 
the smooth lustrous finish on flat surfaces. Parts 
with odd shapes, contours and sharp crevices as 
well as flat surfaces might require the mixture 
of one or more of the Abbott Materials with the 
balls to obtain efficient results. Send a few sam- 
ples of your parts for our complete finishing 
analysis . . . there’s no obligation. 





Catalog gladly sent. Abbott 
Burnishing Materials & Bear- 
ing Ball data, charts, etc. The 
Abbott Ball Company, 1074 
New Britain Ave., Hartford 
10, Conn. 
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slit to exit slit, with the wavelength aj 
slit controls under a standard cover but « 
a new base assembly. The optics are totally 
reflecting so that the instrument can by 
focused with visible light for use ip ulm, 
violet or infrared as well. 

Model 83 is intended to serve as the 
basic component for instruments which 
be constructed to meet new situations x 
they develop. It is claimed to provide grei 
resolution than most standard instrumen 


Inspection Microscope 


An illuminated layout plate with {4 
power microscope for surface inspection ¢ 
tools, dies and screw machine parts is beigg 
marketed by All American Tool & May 
facturing Co., 1014 W. Fullerton, Chicag 
14. 








Shown here is the new inspection «qs 
ment produced by All American 1 
Manufacturing Co 


The microscope is 14 in. in 
914 in. long. The eyepiece and object" 
lenses are achromatic and blue-coated. 1 
cast iron layout plate is precision grou! 
to 0.0005 in. of true flatness 


Hardness Tester 


A new instrument manutfact 
ber-Colman Co., Rockford, 
able for rapid hand testing : 
plastic or nonferrous metal parts. The ® 
Impressor is designed for use 
tion where there is room for the ope! 
hand. A conveniently located di: . 
to give accurate readings, even when ® 
tester is operated by inexperienced P 
sonnel. 
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icago 


Rolling aluminum on Continuous Hot Mill Finishing Stands 
for use in the fabrication of aircraft, modern railway 
rolling stock, domestic appliances, etc. 





UNITED ENGINEERING AND 
FOUNDRY COMPANY 


PITTSBURGH, PENNSYLVANIA 


PLANTS AT: PITTSBURGH + VANDERGRIFT +« NEW CASTLE + YOUNGSTOWN 
CANTON 


Subsidiary: 
Adamson United Company, Akron, Ohio 


Affiliates: 
Davy and United Engineering Company, Ltd., Sheffield, England 
Dominion Engineering Works, Ltd., Montreal P. Q@. Canada 
S. E. C. 1. M., Paris, France 


Designers ana Mater ed % Kola 
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EF 


GAS-FIRED 
OIL-FIRED 
and ELECTRIC 


FURNACES 
for 







AGING 
ANNEALING 
BRAZING 
CARBON 
RESTORATION 
LOW COST HEAT TREATMENT —<xtsunzinc 
CERAMIC 
> e DECORATING 
of small and medium size parts DRAWING 
me HARDENING 
@ EF chain belt furnaces are the most satisfactory HOMOGENIZING 
heat treating equipment yet devised for carbon restora- pn 
tion, scale free hardening and hardening without de- MITRIDING 
carburization of small and medium size parts. Built in SINTERING 
il standard sizes for capacities up to 2,000 Ibs. per hour. SOLUTION 
Larger sizes to meet any requirement. Gas-fired, oil-fired TREATING 
or electrically heated, whichever best suits your par- ar eyed 
ticular requirement — and location. Estimates of equip- MENTS . 


ment, installation and operating costs—and samples of 

treated parts—furnished promptly. Write for literature. A SIZE AND TYPE 
OF FURNACE 
FOR EVERY 


THE ELECTRIC FURNACE CO. PROCESS 


. 





GAS FIRED, OfL FIRED oo lo) e PRODUCT OR 
AND ELECTRIC FURNACES ey ss uo cnemeerene 






















... provides @ 
ties, plus 
to solve af 
cating pr 
modern i 
Spinning of 
deep-drawn o 
is a PHOENIXSPU 


ty. Your edna 


prints will bring our promp 





Rie 


PHOENIX PRODUCTS co 


; oco= +. a” oO aa 
“Jobs Well Done Are Wertal S P SHACMIEY Zi, “he 


PHOENIXSPUN” 4725 N. 27th Street 
Milwaukee 9, Wis. 


estimates. 
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ment. 
Minn 
know 


Controls 





Temperature Indicators 


Development of additional high-tempen. 
ture indicating pellets has been announce 
by Tempil Corp., 132 W. 22 St., New Yor 
11. The new pellets indicate temperature 
of 2100, 2200, 2300, 2400 and 2500 F 

Tempil Pellets are now available in 12\. 
deg. steps from 113 to 400 F, in 50-de 
steps from 400 to 2000 F, and in 100-dep 
steps from 2000 to 2500 F. Tempilstik 
(crayon form) are available in correspond. 
ing intervals from 113 to 2000 F. Tempila 
(paint form) is available in similar steps 
from 113 to 1600 F. | 





This 
Automatic Controller C7 
A new Simplytrol Automatic Conwolle = 
. . if 
which in certain ranges is responsive | 

degree 

changes of one-half microampere or a frac * 
» | 


tion of a millivolt, is being manufacture 
by Assembly Products, Inc., Chagrin Falk 
Ohio. 

The unit is available in all ranges o! 
voltage and current, and can be adapted | 
a variety of operations. Some ol these 














The Simplytrol Antomatic Controller @ 
be supplied in all ranges of voltage ” 
current, 


plications are pyrometric control, indicatiog 
and controlling alternating currents ™ 
voltages, lighting signal lamps or "ng!" 
alarms in critical processes, and replacist 
electronic equipment for sorting and ga" 
operations. 


Processing Control 


A new device for controlling :naus 
processing temperatures in the ‘ang oe 
tween —20 and 300 F has been levelor 
by Minneapolis-Honeywell Regi #0 * 
and will be distributed by its Brown 1” 
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nents Div., 2926 Fourth Ave., Minneapolis, 
Minn. The electronic control instrument, 
inown as No. 077, is sensitive to tempera- 


eta: 

aced 

‘ork 

ures 

F. 

1 

deg 

deg 

stik 

Ui 

step 
ST his highly accurate electronic control in- 
S irument has been developed by Minneapolis- 

Honeywell Regulator Co. 

ture changes as small as one-tenth of -one 

. degree. It is said to be immune to vibra- 
tion, dust and dampness. 

Falls 

: * 


General 









iAnalytical Grade Resins 


Standard Amberlite ion exchange resins 
are now being produced in an analytical 
prade by the Resinous Products Div. of 
Kobm & Haas Co., Washington Square, 
Philadelphia 5, Pa. Quantities less than 25 













































Ib. are available from Eimer & Amend, 

Greenwich and Morton Sts. New York 

’ 14, and Fisher Scientific Co., 717 Forbes 

-, Pittsburgh 19, Pa. Larger quantities are 
upplied Rohm & Haas Co. 





Vibration Dampeners 


Plate t 
One ry 


vibration dampeners of sili- 
bh are now being manufactured 
hee necticut Hard Rubber Co., 407 
at Haven 9, Conn. Use of sili- 
nstead of natural and synthetic 
xpected to extend the useful 
range of these dampeners to 
F, 
istic Mountings, as they are 
used to protect delicate in- 
\retic or sub-stratosphere cold 
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FABRICATORS 


DEPEND ON © 


CARLSON, inc. 


FOR STAINLESS STEEL PLATE 





Type 304 Size 54” x 162” x 327”. 


ae the stainless plate is large, such as that illus- 
trated, or small—whether it is a full plate or pattern cut blank 
—G. O. Carlson, Inc. is the quick, sure source upon which the 
chemical, petroleum, and metal working industries depend. 


Our large stock of plates in a wide variety of analyses, sizes, 
and thicknesses, is augmented by specialized cutting facilities 
and techniques. This saves you much time and effort, and re- 
flects considerably on the over-all costs of material. 


All Carlson stainless steel plate is produced to chemical industry 
standards, and is available in all analyses. 


G. O. Carlson, Inc. has built a specialized service in stainless 
steel which you will find is worthy of your attention. 


CARLSON, uc. 


Ke Stainless Steels Exclusively 


200 Marshalton Road, Thorndale, Pa. 
PLATES e FORGINGS e BILLETS e BARS e SHEETS (No. 1 Finish ) 


District Sales Offices and Warehouse Distributors in Principal Cities 
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Consolidated’s Straightline Faeilities 
Speed Your Bluepginis Plast 


-at Least Cost! 


materials supplier is invest- 
ing good advertising money 
to bring home this thought .. . “Jt 


pays to use your custom molder’s 
know-how!” 


(CU nssterial A foremost plastic 


This timely bit of advice, so well 
given, is deserving of being equally 
well taken. 


Here, at Consolidated, we offer 
manufacturers a degree of produc- 
tion know-how that is long on 
experience—advantageously diver- 
sified—desirably a complete under- 
one-roof responsibility — thor- 
oughly dependable — alert — 
cooperative! 


When we are asked...“How 
much?”— our answering bid usu- 


ally reveals “How little!” With 
on-premise facilities in excess of a 
million dollars, we’ve what it takes 
to save you those important pen- 
nies per piece! 


That the types of service we render 
can custom-fit your particular 
plastic requirements, is indicated 
by the customer confidence re- 
posed in us by America’s leading 
manufacturers in practically every 
field of industry. 


Call in a Consolidated sales engi- 
neer ... and do so during the early 
stages of your plastic thinking. His 
assistance-qualifications will en- 
able you to plan properly ... and 
profitably. Your inquiry is cor- 
dially invited! 


Travel Consolidated’s 
Throughway 

to 

Plastics Satisfaction 


Product Design Cooperation 


Experienced Mold Planning 


Precise Mold Construction 


Laboratory-Checked Materia’ 


Selective Production Processes 


COMPRESS'ON 
PLUNGER 


TRANSFER 
INJECTION 


Statistical Quality Control 


Complete Finishing Facilities 


pecic 
orp. 
rties 
pilicot 
and * 
his ¢ 


pages. 
actio! 
high-< 
Dest 1 


Please address Dept. E-2 


onsolidated Molded Products Corporation 
Plant & Executive Offices: 309 CHERRY ST., SCRANTON 2, PA. 


Branch Offices and Representatives in New York, Chicago, Milwaukee, Detroit, Cleveland, 
Bridgeport, Philadelphia—and other principal cities 


af 
“Your Blueprint jes Plastics 
pTOot 
StS 
Para 
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MANUFACTURERS’ LITERATURE 


Materials 





lron and Steel 


Knecial Steels. Allegheny Ludlum Steel 
orp., 8 pages, illustrated, No. la/1. Prop- 
ties of the stainless steels, electrical steels, 
silicon steels, magnetic materials, tool steels 
und “Carmet” carbide metals produced by 
his company. (1) 


Special-Purpose Steels. Armco Steel Corp., 
2 pages, illustrated, No. 1la/5. Character- 
istics and applications of Armco stainless 
steel, Aluminized Steel, Zincgrip, Zincgrip- 
Paintgrip, Terne Coat, enameling iron, cold- 
olled Paintgrip and mechanical tubing. 

(2) 


Steel Forms. Bethlehem Steel Co., 4 pages, 
llustrated, No. la/8. Advantages of this 
ompany’s cold-formed shapes; Mayari R 
ow-alloy high-strength steel; rolled-and- 
orged circular products; drop, press and 
psetter forgings; pierced forgings; “bethan- 
zed’ wire; and bolts and nuts. (3) 


teel Design. Climax Molybdenum Co., 72 
pages. Booklet entitled “3 Keys to Satis- 
action tells how to combine good design, 
high-quality steel and proper treatment for 
best results. (4) 


pray Cast Iron. Frank Foundries Corp., 12 
pages, illustrated. Picture story of the pro- 
uction and uses of Frankite gray iron 
pastings. (5) 


tee Machining Steel. W. J. Holliday & Co., 
«., 6 pages, illustrated. Characteristics and 
ses of X 1515 Speed Case Plate (low- 
farbon ) and X 1545 Speed Treat Plate 
medium-carbon), two free machining 
eels, (6) 


and Steel Castings. Hunt-Spiller Manu- 
pcturing Corp., 24 pages, illustrated. Com- 
tehensi ve metallurgical information on 
1s company’s cast Gun Iron, High Test 
On, high-carbon irons, austenitic irons, 
“sn. Steel and other irons and 
Reels. * 


{ } 


ploy Steels. Jones & Laughlin Steel Corp., 
Pages, trated, No. la/1l6a. Proper- 
hes f Otiscoloy high tensile steel 
weg j if-resistant steel. Also specifi- 
iS I arious structural sections. (8) 
Salle Steel Co. How Stress- 
ished carbon steel bar cuts 
of its strength, machinability, 
d minimum warpage. (9) 


1950 


tee| Bars 
Proof co] 


Dsts_ becay 


rearabiliry 


EBRU ARY 


Stainless Steel. Republic Steel Corp., 4 
pages, illustrated, No. 1a/21. Lists principal 
features of most popular grades of Enduro 
stainless steel, together with typical applica- 
tions of some of these types. (10) 


Low Alloy and Stainless Steels. Sharon Steel 
Corp., 4 pages, illustrated, No. 1a/26. Ex- 
tensive metallurgical data on this company’s 
line of stainless steels. High-tensile low 
alloy steels, Cor-Ten and N-A-X, also 
covered. (11) 


Cast Steels. Steel Founders’ Society of 
America, 20 pages. Booklet entitled “De- 
velopments Concerning the Properties of 
Cast Steel.” Informative and well-illustrated 
by graphs. (12) 


Steels. United States Steel Corp., 12 pages, 
illustrated, No. la/28. Characteristics and 
applications of stainless, high strength and 
Corilloy Steels. Detailed data sheets on 
austenitic, martensitic and ferritic stainless 
grades. (13) 


Steels. Weirton Steel Co.; 12 pages, illus- 
trated, No. la/29. Covers Weirton electro- 
lytic zinc-coated sheets and strip, N-A-X 
High Tensile, high carbon strip cold-rolled 
spring steel, cold rolled strip and sheets, 
and tin mill products. (14) 


Nonferrous Metals 


Aluminum and Its Alloys. Aluminum Co. of 
America, 154 pages, illustrated, No. AD51. 
Comprehensive data on properties of alumi- 
num and its alloys, heat treatment of 
wrought alloys, wrought forms available, 
alloy castings and their design, and various 
fabricating practices. (15) 


Stainless Clad Copper. American Cladmetals 
Co., illustrated. Properties, workability and 
applications of Rosslyn Metal, a clad ma- 
terial consisting of a copper core metallurgi- 
cally bonded to stainless steel or Inconel 
and used where high heat transfer and 
corrosion resistance are necessary. (16) 


Pre-Finished Metals. American Nickeloid 
Co. Data folder on properties, tempers and 
finishes of pre-finished metals available in 





To obtain literature appearing on these 
pages, please refer to easy-to-use reply 
card on page 121. 











brass, zinc, aluminum, copper and steel 
bases. Specifications listed. (17) 


Cast Aluminum Bronze Bars. Ampco Metal, 
Inc. Reviewed previously. Stock card lists 
specifications of Ampco Grade 18 centrif- 
ugally cast bars and heat treated Grades 
18-13, 18-22 and 18-23. (18) 


Platinum Products. Baker & Co., Inc., 4 
pages, illustrated, No. la/7. Describes 
platinum laboratory ware, Platinum Clad 
sheet, a platinum-rhodium alloy for pro- 
tecting refractory surfaces and thin platinum 


wire. (19) 


Welding Nickel Alloy. Burgess-Parr Co., 4 
pages, No. 105B. Instructions for metallic 
arc and oxyacetylene gas welding of Illium, 
nickel-base corrosion resisting alloy. (20) 


Aluminum Sheet and Strip. Fairmont Alumi- 
num Co., 52 pages, illustrated. Comprehen- 
sive handbook on aluminum properties, 
fabrication, tolerances, and specifications to 
facilitate ordering of sheet, strip, circles and 
specialties. (21) 


Laminated Metals. General Plate Div. of 
Metals & Controls Corp., 4 pages, illus- 
trated, No. la. Characteristics and uses of 
various laminated metals, including precious 
metals overlays and laminated silver con- 
tacts. (22) 


Aluminum Alloys. Kaiser Aluminum & 
Chemical Sales, Inc., 8 pages, No. 1la/20. 
Physical properties, available tempers, de- 
sign notes, finishing information and avail- 
able sizes and forms of Kaiser Aluminum 
alloys. (23) 


Copper and Copper Alloys. Revere Copper & 
Brass, Inc., 60 pages, illustrated, No. la/23. 
Comprehensive technical information on 
Revere copper and copper-base alloys for 
the product designer. (24) 


Aluminum Alloys. Reynolds Metals Co. 
(Aluminum Div.), 12 pages, illustrated, 
No. AD-103. Specifications for aluminum 
sheet, plate, wire, rod, bar, tubing, pipe 
and other shapes. Properties and finishing 
data included. (25) 


Nonmetallic Materials 


Ceramics. American Lava Corp., 18 pages, 
illustrated, No. 492. General standards 
for steatites and other electronic grade 
ceramics as adopted by Steatite Research 
Council. Also detailed property chart for 
AlSiMag ceramics. (26) 
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Gasket and Sealing Materials. Armstrong 
Cork Co. (Gaskets & Packing Dept.), 24 
pages, illustrated, No. 4j/1. Specifications, 
properties and uses of cork composition for 
gaskets and seals. Extensive design informa- 
tion included. (27) 


Viny! Butyral Resins. Bakelite Corp., 22 
pages, No. 11. Properties, compatability and 
applications of Vinylite vinyl butyral resins. 
Special emphasis on “wash primer’ type of 
metal conditioner which provides corrosion- 
resistant film and also promotes adhesion 
of subsequent paint films. (28) 


Phenolics and Molding Compounds. Catalin 
Corp. of America, 8 pages, illustrated, No. 
lb/2. Properties and specifications of Cata- 
lin cast phenolics, Styrene molding com- 
pounds and wood adhesives. (29) 


High-Strength Plastics. Continental-Diamond 
Fibre Co., 4 pages, illustrated, No. 1b/7. 
Properties and specifications of 36 grades 
of high-strength plastics, including Diamond 
vulcanized fibre, Vulcoid dielectric material, 
Dilecto laminated thermosetting plastic, 
Celoron fabric-base molded plastic and 
Micabond mica. (30) 


Oil-Resistant Materials. E. I. du Pont de 
Nemours & Co. (Inc.), Fabrics Div., 12 
pages; illustrated, No. 1c/3. Typical appli- 
cations and resistance properties of Fair- 
prene synthetic elastic compositions. Physical 
properties and specifications of sheet stocks, 
coated fabrics and adhesives. (31) 


Laminated Plastics. Farley & Loetscher 
Manufacturing Co. (Plastics Div.), 8 pages, 
illustrated, No. 1b/8. Describes 15 different 
grades of Farlite industrial stock laminated 
plastics. Typical fabricated parts shown. 

(32) 


Laminated Thermosetting Plastics. The For- 
mica Co., 16 pages, illustrated, 1b/9. De- 
scriptions and properties. of. various Formica 
grades. Includes glass fibre, silicone, chemi- 
cal-resistant synthetic fibre, cotton mat, arc- 
resistant and special punching grades. (33) 


Silicones. General Electric Co. (Chemical 
Dept.), 4 pages, illustrated, No. 1f/1. 
Forms, applications and properties of sili- 
cone oil, rubber, resins, greases and Dri- 
Film water repellents. (34) 


Rubber. B. F. Goodrich Chemical Co. (div. 
of B. F. Goodrich Co.) , 8 pages, illustrated, 
No. ic/4. Properties and specific uses of 
Hycar rubber products, including vulcan- 
izates, latex, plasticizers and phenolic 
blends. Also Good-rite Resin 50 and Geon 
polyblends. (35) 


Structural Materials. Haskelite Manufactur- 
ing Corp., 4 pages, illustrated, No. 1d/1. 
Uses and advantages of three structural 
materials: Plymetl (metal-covered ply- 
wood); Ornametl (steel-covered wood); 
and Ornalite (patterned plastic layer ma- 


terial). (36) 


120 


MANUFACTURERS’ 


LITERATURE 


Corrosion-Resisting Plastic. Haveg Corp., 8 
pages, illustrated, extract of forthcoming 
catalog. How various grades of Haveg ma- 
terial, consisting of asbestos and synthetic 
resin, are used to produce corrosion-resisting 
process equipment. (37) 


Cemented Carbide. Kennametal, Inc., 2 
pages, illustrated, No. 284: Reports high 
temperature performance of tube fabricated 
from Kentanium K140A, new heat-resisting 
cemented carbide. (38) 


Rigid Plastics. Koppers Co., Inc., 4 pages, 
illustrated, No. 1b/4a. Detailed properties 
of 17 rigid plastics. Discusses special ad- 
vantages of polystyrene, cellulose acetate and 
ethyl cellulose, and two series of adhesives. 

(39) 


Porcelain Design. Locke, Inc., 16 pages, il- 
lustrated, No. 518. Comprehensive informa- 
tion intended to help apparatus designer 
in designing the porcelain parts of his 
product. (40) 


Hardboards. Masonite Corp., 24 pages, illus- 
trated, No. 1d/2. Properties and advantages 
of Presdwood and other Masonite hard- 
boards, and their relation to product design. 

(41) 


Plastics, Mica and Fabric. Mica Insulator 
Co., 4 pages, illustrated, No. 1b/10. Techni- 
cal and application data on Lamicoid for 
electrical and mechanical uses, Micanite for 
fabrication into insulating components, and 
Empire varnished insulating materials. 
(42) 


Laminated Plastic. National Vulcanized 
Fibre Co., 16 pages, illustrated, No. 1b/12. 
Physical, electrical, mechanical and chemical 
properties of Phenolite laminated plastic 
sheet, rods, tubing and special shapes. 
Properties of National Vulcanized Fibre 
also listed. (43) 


Plastics. Plax Corp., 8 pages, illustrated, 
No. 16. Properties and uses of six plastic 
materials available as rods, sheets, tubes, 
fibers and blown-ware. (44) 


Acrylic Plastic. Rohm & Haas Co., 8 pages, 
illustrated, No. 1b/b. Pictures variety of 
applications for Plexiglas acrylic plastic and 
gives specifications for sheets, rods and 
molding powders. (45) 


Cellular Rubber. Sponge Rubber Products 
Co., 4 pages, illustrated, No. 1c/5. Covers 
forms and uses of Spongex, a resilient, 
blown rubber made from crude, reclaim and 
synthetic rubbers. (46) 


Ceramics. D. M. Steward Manufacturing 
Co., 20 pages, illustrated. Shows how the 
various grades of Steatite and “N” Lavite 
are formed into many different ceramic 
parts. (47) 


Structural Plastics. St. Regis Sales Corp., 20 
pages, illustrated, No. 1b/11. Properties of 
the various grades of Panelyte laminated, 





thermosetting resinous plastics. Available 
forms, tolerances and specific uses give, 


(48) 
Technical Plastics. Synthane Corp., > Pages 
illustrated, No. 1b/15. Properties and a 
plications of this company’s technica] plas. 
tics. Available forms, specifications and 
tolerances listed. (49) 


Rubber Parts. Tyer Rubber Co., 4 Pages 
illustrated, No. 1c. Describes design an; 
molding service for rubber parts specifes 
by industry. ; (50) 


Laminated Materials. United States Plywoo4 
Corp., 4 pages, illustrated, No. 1d/3. Style 
sizes, colors and patterns, properties apj 
uses of five different laminated structyr,| 
materials plus plastic sheeting. (51) 


Industrial Plastic. Westinghouse Elec 
Corp., 36 pages, illustrated, No. B-3184.p 
Reviewed previously. Properties and grade 
selection tables for both laminated pj 
molded Micarta. (§2 


Parts and Forms 


Flexible Metal Hose. Atlantic Metal Hos 
Co., Inc., 4 pages, illustrated, No. 4, 
Descriptions and applications of leak-proo! 
seamless and interlocking flexible metal hog 
featuring light weight and good strength 
and durability. 


Tubular Products. Babcock & Wilcox Tux 
Co., 4 pages, illustrated, No. 1a/6. Sted 
analyses, method of fabrication and available 
sizes of this company’s pressure tubing and 
pipe for process industries and mechanical 
tubing for structural units. (54 


Chains. Bead Chain Manufacturing Co. 4 
pages, illustrated, No. 4n/1. Specifications, 
uses and available materials and finishes 
for non-kink Bead chains. 55 


Steel Castings. Continental Foundry & M:- 
chine Co., 32 pages, illustrated. Bookle 
presents 12 considerations that should * 
taken into account in buying steel casting 


Self-Lubricating Bushings. Graphite Mew! 
lizing Corp., 8 pages, illustrated, No. 1 
Characteristics and uses of Graphalloy sel! 
lubricating bushings. Clearances, materia’ 
selection and other design data given. (57 


Helical Compression Springs. Instrumet! 
Specialties Co., Inc., 2 pages, illustrated 
Reviewed previously. How to obtain # 
“engineer's assortment’ of 100 beryllium 
copper helical compression springs 
will save time and money in developmett 
work. (58 


Sleeve Type Bearings. Johnson Bronze \,' 
pages, illustrated. General characteristic “ 
sleeve type bearings in plain or graphitz 
cast bronze, bronze or steel and Babbitt 
sheet metal, Ledaloyl self-lubricating brom 
or Pre-Cast Bearing Bronze-on-Steel. (9 


Castings. Meehanite Metal Corp., 5 Pa 
illustrated, No. 31. Reviewed previous) 


hit 
{D1Us 


One of a series of bulletins descr” 
specific applications of Meehanite cast" 
and containing test data and charts. \° 
Powdered Metal Parts. Michigan Powdet® 


Metal Products Co., Inc., 4 pase ills 
trated, No. 10M. Shows production facilities 


ie 
MATERIALS & METHO? 


; BRI 


50) 


Ood 
les, 
and 
ural 
>) 

tric 
+-D), 
rade 
and 


hose 


Tube 


Steel 


r and 
nical 


(5 


Snes 


Me 


OKIE 


fetal: 


or; 
reriais 


ment 
‘rated 


pment 


ricS ol 
yitized 
jabbitt 


yronzt 


iy dered 
illus 
cilities 


(ons 





FER 


415 


BRUA 


x10NS 
enine cond! 
weat 


BE OF 
PERMANENT COLOR 


Should the Finish Last a LIFETIME 


New low-temperature Porcelain enamels are now pro- 
viding manufacturers with the opportunity to apply 
the lifetime finish to objects never enameled before . . . 
are providing the opportunity to engineer important, 
extra sales advantages into many new products! For 
example, new modern Porcelain enamels are now being 
successfully used to finish switch plates for fractional 
horsepower motors. This use has increased switch life 
100 per cent. Porcelain enameled chutes, another néw 
development, have proved highly efficient for transfer 
of wet materials from one process to another—and fast 
movement of foods, cartons and supplies. 

Remember, nonporous, sanitary Porcelain enamels 
can now be applied to practically any shape of drawn 
or welded item. So, whenever a part, product, or piece 
of equipment should protect against acids... with- 
stand abrasion... not be affected by weathering con- 
ditions, add eye appeal and last a lifetime . . . your 
best specification for the protective coating is 
MODERN PORCELAIN ENAMELS! 

The Ferro Enamel Corporation, a pioneer in the de- 
velopment of today’s modern, low-temperature, Porce- 
‘ain enamels, will be glad to help you engineer protec- 
‘ive coatings for products that will require a finish to 
‘ast—for a lifetime. 


RO ENAMEL CORPORATION 
East 56th Street - Cleveland 5, Ohio 


RRO ALSO MAKES: Complete Furnace, Dryer and Baking 
yen Installations * Provides a Complete Line of Colorants 
Industry e Electric Heating Elements * Controls and Switches 
Gas Valves ¢ Refractories * Chemicals * Dispersing and 
rface-Active Agents for Aqueous and Nonaqueous Media. 


', 1950 
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(Vitreous Silica) 







TUBES 


FOR 
GAS 
ANALYSES 
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@ Unsuitable, unprotected iron tubes may nullify 
your gas sampling, introduce serious errors. Vitreosil 
(Vitreous Silica) tubes avoid all danger of contamination. 
They cannot rust. They are indifferent to thermal shock; 
chemically inert, non-porous. When properly protected, 
Vitreosil tubes give long life. May be water-cooled. 











@ The use of Vitreosil for Gas Sampling is fully 
covered in Vitreosil Bulletin No. 3. We will be glad to 
send you a copy; also to answer any specific questions 
you may care to ask us. 


Prices on all Vitreosil tubing 
recently reduced by 20% 


THE THERMAL SYNDICATE, LTD. 
12 East 46th St. . New York 17, N. Y. 











MILWAUKEE 
WROT WASHERS 


WASHERS 
..- Competitively Priced 


Large volume production, the most advanced 
methods and facilities, plus more than 60 years 
of continuous experience in the manufacture of 
Washers, are factors that enable us to offer you 
top quality washers and stampings at competitive 
costs. Over 22,000 sets of dies for making 
Washers of every type (Standard and Special), 
from every type of material, for every purpose, 
in any finish. STAMPINGS of all descriptions; 
Blanking, Forming, Drawing. Submit your blue- 
prints and quantity requirements for estimates. 


WROUGHT WASHER 
MANUFACTURING CO. 


The World's Largest Producer of Washers 


2211 S. BAY ST., MILWAUKEE 7, WIS. 
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Illustrated above are the Cobrlastic silicon 
rubber mountings designed for extrem 
temperatures, 


in which ordinary rubber becomes soy 
hard, and they are said to be equally efx. 
tive in locations where high ambiert tq’ 
peratures make ordinary rubber mounting 


soft and gummy. 


Penetrating Oil 


A lubricant-base penetrating oil, claimed 
to have fast capillary action on rusted « 
“frozen” metal parts, has been announcl 
by Ensign Products Co., 3528-CD E. 76%, 
Cleveland, Ohio. Called Ensign 318 Peo 
trate, the oil contains no kerosene ani i 
not a solvent. It is said to speed disassembl 
and to eliminate costly damage to machit 
ery. 


Industrial Tape 


A pressure-sensitive tape for gener! # 
dustrial use has been announced by Kes 
Air Corp., 318 W. 39, New York ! 

Called Mask-All, this tape is said to lu 
higher-than-average tensile strength; (0 ™ 
impervious to paint, thinners and moistit 
and to be flexible and resistant to distortit! 


The | 
Easy- 
of 2) 
zinc- 
Gold Waste Recovery 


The patented Merrill-Crowe precipita 
process for the treatment of waste wit! 
in the plants of the precious metals 1 
cating industry has been adapted by 
Tour & Co., Inc. In this continuous 
matic process, the waste waters ale P 
treated, clarified, deaerated and t 
precipitated and collected in a for 
to be melted. 

A pilot plant for demonstration 
complete system and capable of ao'' 
about 14 ton of water per hour “” 
demonstrated in the company : laborato™ 
at 44 Trinity Pl., New York City, %" 


Zinc 
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co tf | he strength and corrosion resistance of zinc; the smooth, zinc used. Anaconda is a dependable source of depend- 
, to 

voistut mee 4SY-LO-paint, easy-to-plate surfaces which are characteristic able Electric* Zinc, 99.99+% pure — always! Anaconda 


f . . . . . . . 

Ol zinc-base die castings; the ease and speed with which does not make die castings, but supplies ANACONDA 
Hinc-base die castings can be produced, have earned for Electric Zinc, 99.99+% pure, to the die casting industry. 
¥'nc its predominant place in the die casting industry. Anaconda Sales Company, 25 Broadway, New York 4, 


jpitatdl 


e wat Absolutely requisite, however, is extreme purity of the N. Y. Subsidiary of Anaconda Copper Mining Co. 502s 


Look to ANACONDA for: 


Copper - Zinc - Lead - Silver - Cadmium - Bismuth - Arsenic 
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be installed in a prospective user's y) 
for a trial run. 

Full scale installations handle two 
more tons per hour on a 24-hr, per ¢ 
basis. The installations are said to req) 
: an average of less than one man-hour, 
“es _ day and to recover all fine particle golf 
' suspension and gold in solution dows 


RECIPROCATING, CONTROLLED ATMOSPHERE FURNACES 0% per ton of water going to the 


Th ipitati rocess is clai 
SUITED TO WIDE RANGE OF GENERAL AND ATMOSPHERE WORK far irons Chectiva thon dk'vadian ai 


VERSATILE. A.G.F. Reciprocating Furnaces are suited to continuous clean hardening, box”” methods commonly employed. 
annealing, normalizing, case-hardening by the patented Ni-Carb process, etc. Work 

treated in the same furnace may range from extremely small light springs, stampings, c 

drop forgings, etc., up to quite large and heavy pieces. Die Engraver 


THE RECIPROCATING MUFFLE advances work through the heat by its own momentum. A new Panto-Engraver for two-ding 
Heat losses and maintenance problems are reduced to a minimum by the complete 
elimination of conveying mechanism from the heating chamber. There is no traveling 
belt to be alternately heated and cooled—only work enters and leaves the furnace. 


i) 


Ye 








sional engraving and profiling in steel 4 
and molds has been announced by H, 
Preis Engraving Machine Co., 649-E. Hig 
Write for Bulletin 815-AB today. way 29, Hillside, N. J. Pamtograph tati 


range from full size to infinity. 


AM FRI CAN GAS FURNACE C0 Maximum height of work is 6 in., ag 
. 


142 SPRING STREET ~- ELIZABETH, N. J. 














Pa 
Sie 


with a 
C-F LIFTER 


This is the easy way to move sheet 
steel. One man and this C-F Lifter 
can handle many tons of sheets per 















/ day with ease, speed and economy. me 
: W 
C-F Lifters have infinite opening , 
) : : : Pictured here is the new Panto-Engrave' ess S 
and closing adjustments of the jaws engraving and profiling in steel diti M333 
permitting them to handle many ‘ poet 2» 8 
| varying sheet widths. These adjust- nust 
= are — by the operator in feed 6 in., and hocigitudinal feed 61 plate 
a few seconds. , * wage _ ptain 
AG a7 All dials are graduated in 0.001 1.” = 
If your production involves the use machine can be furnished as floor of Th 
of sheet steel, a C-F Lifter will save incall ’ 
/ you many times its cost in the ' buch 
| handling speed and economies it 
will effect. 
Write for the bulletin “C-F Lift- Laboratory Hot Plate ce 
| ers.” It illustrates the many advan- A new laboratory hot place wha hr 
tages of these material handling vides stepless heat control nsuo 
) tools. . sna nf —9 frer atta 
. ee current only 50% of the t ul 
' C-F Lifters are made in sizes to handle 2 to agape SPs 5020 can Fi 
60 tons in standard and semi-special designs. HANDLE SHEETS. "ik gS site Sa by Fisher Scientific | 
oo ape ae gan Dae ah 717 Forbes St., Pittsburgh 1°, ?4 
ee wad with | if The “Temco” hot plate pwaLee™ 


: si 
12- by 12-in. and 12- b 4-i0. ° 


CUELEN*ER eater cw. | Temperatures can be main’ ned wid 


1314 S. Kilbourn Ave., Chicago 23, Ill. § — | close limits over the range {rom 140 
_ | 850 F. 
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We show you this huge plate of Stain- 

vee ~ Steel, 7s” thick, 2202” long and 

wide, not because we consider it 

nusual but because there are still some 

whi vho are not fully aware that 
; Btainless 


el plate in these extreme 
readily available. 

we have been producing 
rge sizes for some time and 


imensic 


The { 


BUCH exty 


Looking for a Stainless Steel Plate 
as “hig as the side of a house?” 


BY 3 otal ff 4 1. 
rm 10 Stainless CTeadquankins when your 


plate specifications call for sizes beyond the ordinary 


can supply even larger if you need them. 

So whenever your designs call for large 
dimension Stainless Steel plates to im- 
prove your equipment or to reduce weld- 
ing costs and simplify fabrication, tell 
us what you need and give us an oppor- 
tunity to show you how well we can meet 
your requirements. 

Keep in mind too, that U-S-S Stain- 


THIS 3/8” PLATE IS 220-1/2” LONG, 133-3/8" WIDE. U-S°S 18-8 CB. (TYPE 347) 



















less Steel plates are produced in the com- 
plete range of standard sizes usually 
required by industry, in thickness from 
¥,” and greater, and are available in all 
U-S-S Stainless Steel grades. 

In whatever size furnished, U-S-S 
Stainless Steel plates are distinguished 
for their superior surface quality. Chem- 
ical composition and physical properties 
are reliable. Our Stainless Steel spe- 
cialists will be glad to cooperate with you 
in applying them to your construction 
to insure optimum results with mini- 
mum cost. 


AMERICAN STEEL & WIRE COMPANY, GENERAL OFFICES: CLEVELAND, OHIO - CARNEGIE-ILLINOIS STEEL CORPORATION, PITTSBURGH & CHICAGO 


rich pa COLUMBIA STEEL COMPANY, SAN FRANCISCO 
UNITED STATES STEEL SUPPLY COMPANY, WAREHOUSE DISTRIBUTORS, COAST-TO-COAST - 














STRIP - PLATES - BARS 


NATIONAL TUBE COMPANY, PITTSBURGH 


BILLETS - PIPE 


TUBES - WIRE 


- TENNESSEE COAL, IRON & RAILROAD COMPANY, BIRMINGHAM 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


—-U*S*S STAINLESS STEEL 


SHEETS | 


SPECIAL SECTIONS 
0-311 






























































Seem Easy... 


AND BOOSTS PRODUCTION 


Ask for the scores of 


ideas in Induction Heating 


Bulletin 13-A 


AJAX ELECTROTHERMIC CORPORATION 


AJAX PARK, TRENTON 5, N. J. 

Associate Companies 

THE AJAX METAL COMPANY = « 
AJAK TLECTRIC COMPANY, INC. * 


Makes the Toughest 
Forging Specifications 


AJAX ELECTRIC FURNACE CORPORATION 
AJAX ENGINEERING CORPORATION 
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HEATING & MELTING 


SINCE 1916 




















PQ SILICATES 
FOR FABRICATING 
METAL CLEANERS 


Metso Granular 
Na.Si0-,.5H..0) Sodium Meta 
cate. Free flowing white 


Sih 
granular product 


Metso 99 


Na HSi0,.5H.0) Sodium Sesqui- 
silicate. White, granular, free- 
flowing 


6-C 


Na»0.25i0.) Powdered Sodium 
NUTCCMCLCOMET Eline 
Readily soluble 


G Silicate 


Na20.3.22$i02) Hydrated 
powdered sodium Silicate 
sometimes referred to as 
trisilicate), rapidly 


soluble 
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looking for 


improved cleaning ? 


Consider these advantages of PQ 
Silicates whether you make up your 
metal cleaner or use a compounded one: 


PQ Silicates are 
freely soluble in hot or 
cold water. 


They produce solutions 
of the right sustained 
alkalinity for econom- 
ical grease removal. 


Soluble silica 
content prevents dirt 
from redepositing. 


Also resists corrosive 
effect of other alkalies. 


Good mixers with 
synthetics, phosphates, 
other alkalies. 


Send for free bulletin 17-2, “PQ 
Silicates in Lump and Powder Forms’”’. 


PHILADELPHIA QUARTZ COMPANY 
1133 Public Ledger Bidg., Philadelphia 6, Pa. 


Sodium Sesquisilicate U.S. Pat, 1948730, 2145749 
Sodium Metasilicate U.S. Pat. 1898707 
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ENGINEER} 
COMPANIES 


SOCIETIES 








Engineers 


The Spencer Thermostat Div. of Meni 
& Controls Corp. has announced seven 
changes within the organization. E, P. jg, 
tram, Jr. has been promoted to the positiog 
of chief engineer. C. A. Peterson success 
Mr. Jastram as field engineer in the & 
Louis branch. B. O. Haun, Jr. has beep 
named field engineer for a newly-formed 
territory, with headquarters in Dayton, 
Ohio. And Jerry Ottmar, in addition | 
managing the automotive and aircrait se. 
tion of Spencer, has also assumed the duties 
of sales promotion manager fot 






















sion. | 
; = ee ia BER 
Francis B. Foley has joined the staf o goo 
the Research Laboratory of the Internation cts 


Nickel Co., Inc. as consulting metallurgis. 
Mr. Foley, formerly chief research engineet of a 
for the Midvale Co., will be located in con 
Bayonne, N. J. G. R. Brophy, researc and 
metallurgist in charge of the Laboratorys for 
Steel Section, has been named to head the 
New England Technical Section of Inter 
national Nickel’s Development & Resear 
Div. in Hartford, Conan. He succeeds th BER 
late D. A. Nemser. abl 


tact 
Calr 


American Cyanamid Co. announces i cha 
appointment of Dr. Wilbur H. Miler i 5 
technical representative and assistant mi 


ager of the company’s Washington, D. ¢ sen 
office. Dr. Miller, previously on the stai neq 
Cyanamid’s Stamford Research Laboratons erti 
will act as liaison between the varids 
governmental laboratories and the Ameri BER 
Cyanamid Co.’s technical facilities tho: 
The executive staff of Allegheny Ludut sim 
Steel Corp. was revamped as the result ® con 
a recent series of elections. H. G. Batcbeit BEF 
was elected chairman of the board. Si chi, 
Cleborne succeeds Mr. Batcheller 4s ae in | 
dent. Edward J. Hanley, vice presiaci' © 
. : onmel the 
charge of finances and treasurer, 45st” 
Mr. Cleborne’s post of executive vice Pi BEE 
dent. Clark W. King, vice president, ter 
ceeds Mr. Hanley as treasurer. 1. Ani 
Wheeler, manager of the Costs & Stats Pro 


Dept., was elected to the wiy-create 
office of controller. Three vacancies 
board of directors, resulting ‘0™ 
resignations of William E. Rader and! 
W. Belanger and the death of Jam 
Carr earlier this year, were fille¢ >) © 
King, Russell M. Allen, vice presie™ | 
charge of sales, and William / Kyl, ag 
ner in the firm of Smith, Buchan * 
Ingersoll. In accepting the resignation © 
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WROUGHT ALLOYS 
Strip, Rod, Bar, Wire. 


BERYLCO 25... The standard 2% alloy offers 
good cold-forming properties in the unhardened 
condition with the highest strength and hardness 
of any copper alloy when heat-treated. Excellent 
conductivity and resistance to fatigue, corrosion 
and wear make this non-magnetic material ideal 
for springs, diaphragms, bellows, electrical con- 
tacts, electronic equipment, aircraft engine parts, 
coms and similar components. 


BERYLCO 165 ... A high-strength alloy — avail- 
able in strip form only — with price and me- 
chanical properties slightly lower than BERYLCO 
25. In addition, mill hardened BERYLCO 165 pre- 
sents cost-saving opportunities by eliminating 
neat-treatment after fabrication and attains prop- 
erties appreciably higher than bronze. 


BERYLCO 10... A high-conductivity alloy used in 
those current-carrying springs, switch parts and 
similar components where electrical or thermal 


conductivity is of primary importance. Since 
BERYLCO 10 can be readily formed and ma- 


|chined when hardened, it is generally supplied 


in this condition, requiring no heat-treatment by 
the fabricator. 


BERYLCO 50... A special resistance welding ma- 
terial (RWMA Class 3) for spot, seam, flash and 
Projection welding dies and electrodes. 


ulqe 
mT 








Have You Considered Every Design Advantage of 


BERYLLIUM-COPPER ? 





THE BERYLLIUM CORPORATION 


gage 


CASTING ALLOYS 


Supplied as Pigs or Sand-cast Parts. 


BERYLCO 20C... In sand, investment and plaster- 
mold casting methods, this 2% alloy offers spe- 
cial advantages through good fluidity, low pour- 
ing temperatures and high final properties after 
hardening. Applications include bushings, cams, 
propellers, pump parts, bearings, gears, safety 
tools, and valve parts. 


BERYLCO 275C... A special-purpose foundry 
material for plastics molds and other applications 
requiring maximum strength, hardness and wear 
resistance. 


BERYLCO 10C ...A high-conductivity material for 
switches, circuit breakers, switchgear, welding 
jaws, resistance welding dies, electrode holders 
and similar current-carrying members where 
strength, conductivity and resistance to wear and 
moderately elevated temperatures are important. 

















@ For more specific information regarding available prop- 
erties, tempers, mill sizes, etc., write for: 
1. BULLETIN 12 — “How to Order Beryllium 
Copper Strip” 
2. BULLETIN 13-—— ‘How to Order Beryllium 
Copper Rod, Bar and Wire” 
3. “Designing with Beryllium-Copper Casting 
Alloys” 
For our recommendations, write giving full details 
including drawings or samples. 
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“The big parts 
are ready. 
We cleaned ‘em 
with the 


OAKITE 


Steam Gun” 


Mr. Ruder, research metallurgist for Gen- 
eral Electric Co., the board of directors 
awarded him the Allegheny Ludlum Merit 
Award for his outstanding work on the 
General Electric-Allegheny Ludlum Co- 
operative Research Committee on Magnetic 
Materials as well as his service on several 
committees within the board. 


Dr. Robert F. Mehl, director of the 





mi 








illustrated part, approximately 2” 
tong, 14%” wide, %" deep, is cast of 
a manganese bronze alloy. 


Investment cast to get close toler- 
ances and required physical charac- 
teristics that were not obtainable by 
other casting processes. 


Think of the cost of tools and the 
many machine set ups and opera- 
tions that have been saved by the 
customer. 


Think of the opportunities offered to 
you in your product, in greater say- 
ings, more complete designs and bet- 
ter materials, by a process that can 
give you complicated shapes in fer- 
rous or non-ferrous alloys. 


DON’T ALLOW PROGRESS 
TO PASS YOU BY 


Take advantage of the opportunities 
offered by precision investment cast- 
ing—today. 


Please use the coupon. 


GRAY-SYRACUSE 
ea: 


107 N. Franklin $t., Syracuse 4, N. Y. 


Small precision castings of ferrous 
and non-ferrous alloys. 


| .GRAY-SYRACUSE, INC. 7 
| 107 N. Franklin Street 
Syracuse 4, N.Y. Dept. “A” | 
| 
| 


Please send me literature on Precision 











Metals Research Laboratory and head of 
the Metallurgical Engineering Dept. of 
Carnegie Institute of Technology, has been 
appointed a member at large of the National 
Research Council of the National Academy 
of Sciences. The assignment is for three 
years. 


The General Electric Co. announces the 
retirement of Dr. Zay Jeffries, vice presi- 
dent in charge of G.E.’s Chemical Dept. 


The election of Neele E. Stearns to the 
new office of executive vice president of the 
Inland Steel Products Co., a subsidiary of 
the Inland Steel Co., occurred recently. Mr. 
Stearns, who had been assistant general 


| sales manager of the parent organization, 


will make his headquarters in Milwaukee. 


Lawrence B. Richardson has been ap- 
pointed director of research of Fairchild 
Engine & Airplane Corp. Formerly presi- 
dent of the Corporation, Mr. Richardson 
remained as a consultant to the new manage- 
ment following a proxy contest last July, 
which resulted in the election of a new 
board of directors. 


The appointment of Hewstt Wilson, 
technologist and administrator associated 
with the Bureau of Mines since 1920, as 
regional director of the Bureau’s Region 
VII, Southeast, has been announced. Mr. 
Wilson succeeds J. Bruce Clemmer, who 
served as regional director during an in- 
terim period. 


Robert Brinkema, plastics engineer, has 
resigned as an associate of Egmont Arens, 
industrial designer, and will form his own 
company at 510 Oakland Ave., Oakland, 
N. J., offering an industry-wide service in 
the field of laminated plastics production. 
He will also continue with Egmont Arens 
on a consultative basis. 


The General Electric Co. has named 
Rear Admiral Walter S. Macaulay, US.N. 
(Ret.) assistant executive engineer in its 


Knolls Atomic Power Laboratory. He had 


been on the assistant general managet’s 
staff of G.E.’s Nucleonics Dept. It was also 
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ERE’S an easy, low-cost way 

to clean metal parts that are 
too large to be soaked in tanks 
or conveyed through washing 
machines. 


Just use the Oakite Solution- 
Lifting Steam Gun to apply an 
Oakite cleaning solution under 
about 40 pounds of steam pres- 
sure. Oil, grease and other dirts 
vanish quickly, leaving parts 
ready for inspection, assembly, 
further 
treatment, etc. (The same gun 


machining, pre-paint 


applies Oakite paint-stripping 


solutions under low pressure.) 


For illustrated folder 
FREE F7338—telling more § 


about the money-saving Oakite % 


Steam Gun—write to Odakite : 
Products, Inc., 32H Thames St, § 
New York 6, N. Y. 


atso ask about Oakite pro- § 
cedures for: 
* Cleaning in tanks 
¢ Cleaning in machines 
° Electrociteaning 
* Pre-paint treatment 
* Pickling 
¢ Burnishing 
* Paint stripping 
¢ Rust prevention 


INDUSTRIAL 
yarizee Clean 











i } 
; announced that Lawrence L. Ferguson, : grt No j 
j Investment Castings. assistant executive engineer, will take charge 3 ; 
oO oheeagileebs seca eee | | of the West Milton Area Project, where an | 3 
| | experimental atomic power plant is under a , Sockatht ts acy 
SRR SR Seba Set: ; | Construction by the Atomic Energy Com- | #% rtp tne og «8! 
| mission, as part of the laboratory facilities. 98 din 4 
ADDRESS | y es Technical Service Representatives Lo. s'e4' 
TIITTITIITTTITIITI | Maurice W. Daugherty has been named i Principal Cities of United States and snada 
(SNe ZONE oe STATE. cosesee | | secretary of the Aluminum Research Labora- | &% Pl 
ee Nic eee ee | | tories. Walter E. Sicha succeeds Mr. Daugh- 
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NOW...in greater quantity 
han ever before... 








































































































Whatever your steel tubing requirements, 
you'll get ELECTRUNITE faster today than ever before. New 
equipment...improved methods... greater raw material capacity 








...all are resulting in ever-increasing quantities of this modern 





electrically-welded tubing. 


Before you place your next tubing order, check first with your 
nearest Steel and Tubes Representative. You'll find him ready 
and well-qualified to discuss your complete tubing require- 
ments—from straight mill lengths to fabricated parts ready for 
final assembly. 


Write, wire or phone today. 


REPUBLIC STEEL CORPORATION 
STEEL AND TUBES DIVISION . CLEVELAND 8, OHIO 
Export Department: Chrysler Building, New York 17, New York 


ELECTRUNITE TUBING 
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Trade-Mark 


Cold-Drawn SHAPES and SHELLS 
made to your specifications by sXiheele 


Leaders 
of the Field 





for Over 
35 Years 





Prest-O-Lire cold-drawn shapes and shells can be quickly and economi- 
cally produced to your most rigid specifications—from 1) to 23 inches 
in diameter and up to 50 inches in depth. Our greatly expanded, well- 
equipped plant has every modern manufacturing facility and is manned 
by a thoroughly experienced, highly specialized staff—prime requisites 
of a quality product. 

LINDE engineers will gladly help you solve your production and design 
problems involving cold-drawn shells, cups, containers, receivers, pressure 
vessels, formed parts, or other shapes. 


The term “‘Prest-O-Lite”’ is a trade-mark of The Linde Air Products Company. 


THE LINDE AIR PRODUCTS COMPANY 


Unit of Union Carbide and Carbon Corporation 
30 E. 42nd St., New York 17, N. Y. 8 Offices in Principal Cities 
In Canada: DOMINION OXYGEN COMPANY, Limited, Toronto 


(EE RR SER FUR A SD et AU RO SUD GN AS WY AE GR eee ne EER DE GE ee DN ee a RS OY ae ee 


The Linde Air Products Company 
30 East 42nd Street 
New York 17, N. Y. 


Please send literature and full information about cold-drawn shapes 
and shells. 
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erty as chief of the Cleveland Resear, ci 
Div. of the Aluminum Co, of Ameria. 
And Alan M. Montgomery will be assistay 
chief, together with G. R. Gardner and 1 
Y. Hunsicker. { 


The United States Steel Corp. announcy 
the resignation of Charles R. Cox as pres. 
dent of its subsidiary, Carnegie-Illinois Ste 
Corp., to become president of Kennecoy { 
Copper Corp. Clifford F. Hood succes 
Mr. Cox as president of Carnegie-Illinois 
Harvey B. Jordan, vice president in charge 
of operations of American Steel & Wi» 
Co., was named president of this U. § 
Steel subsidiary, succeeding Mr. Hood 
Another promotion is that of Jame; 5 
Lose from vice president in charge of 
operations of Carnegie-Illinois to executive 
vice president. 


J. Lyell Wilson recently retired from the 
American Bureau of Shipping after 33 
years of service in order to establish his 
own consulting practice in naval architec. 
ture, marine and welding engineering. bas st 





Having completed a two-year period a imeul © 
manager of the Atomic Energy Commis ys. 
sion’s Raw Materials Operations Office, Dr. 4 
John K. Gustafson will become consulting 
geologist of the M. A. Hanna Co. Dr. Bialf y 
Gustafson will be succeeded by his preseat 
deputy, Jesse C. Johnson. Thi 


etre 


Roy M. Welch has retired after serving HPESIV' 
48 years with the Youngstown Sheet & 
Tube Co. He is succeeded by Myron 3. 


Curtis as assistant to the president. M. gpa 
Curtis formerly was. manager of sales pro No 
motion and manager of the companys ; 

Industrial Development Div. OW | 


Reynolds Metals Co. has announct DY si 
several additions to its staff. They incluc up 
Admiral Jonas H. Ingram, US.N. (Ret); 
who has become executive representatir 
for Reynolds. Edgar T. Lomg, previous! 
in charge of Wire Goods and Road Dow 
Mills at Bethlehem Steel Co.’s Johonstot 
Steel Plant, Gautier Div., joined Reynolds 
as assistant product. manager of the Wit 
Rod, Bar & Rolled Shapes Div. And Frett 
A. Schotters, recently vice president 1 
charge of operations at the Trailmobile CG, 
has. accepted the position of operatiom 
manager of Reynolds’ Parts Div 












The United Engineering & Founaty “ 
has elected G. G. Beard, vice president . 

. sean Ob 
director of the company, to the positioa © 


executive vice president. 





F, M. Rich, vice president in chatgt ™ 
ns ep, bs 
operations for Kaiser Steel Corp, © 
transferred his headquarters from Oak’ 


to the mill at Fontana, Calif. 


The Ingersoll Steel Div. of Borg-Wai0® 
Corp. has appointed Robert A. Amdersos 
as vice president and works manage! of 8 
Kalamazoo, Mich. plant. 
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Quick 3M 

adhesive grips 
tight against 

=| sixty pound 


esearch 
Erica, 
$Sistant 
ind H. 


Ounces 





llinois, 

charge 

Wire ° A 

u ension 

Hood, e 

4 

-«ie iC omfort Cushion Company 
a 

mth cuts covering costs 

er 

tgs Here’s another case where a 3M Adhesive 

chive 

g. las stepped in to speed up production and 

a ut costs by eliminating mechanical fasten- 

— ngs. The Comfort Cushion Company of 

ce, Dr. 


sulting Metroit has cut production time almost in 
o. Dt. Mihalf with speedy 3M Adhesive EC-880. 


present af 
This adhesive is one of over 1000 ad- 


erving EEEPeSIVes, coatings and sealers made by 3M. 


ie Ma’ S specifically engineered to have the high 
+ Mutial strength this application requires. 
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SIMPLE HAND PRESSURE makes immediate bond between tightly 
stretched vinyl fabric cover and metal seat frame—pboth coated 
with 3M Adhesive EC-880. Fast-acting adhesive holds firmly 
when jig is released —-even though sponge rubber padding offers 
tension of from 50 to 60 pounds! 











a No matter what fastening method you 

pe 

ow use, there’s a good chance to save money 

oun! MY switching to a 3M Adhesive. Send the 
include : , 
Ret ! upon today to learn of the many industrial 
tative meses for 3M Adhesives. No obligation. 
viously 

Dowel 
hnston 
»y nolds 

Wire, ~ 

Frank oe a 

. a aa 
ent it —— 
z| Co ; \ 
Le Wy / 
rations : 3M } 
* Na i 

iy ~ | ADHESIVES 
wnt an’ ee. 
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irge 0 
his INNESOTA MINING & MFG. CO. 
yaklant makers of ‘‘Seotch” Brand Pressure-sensitive Tapes, “Scotch” 

2G tvecording Tape, ‘“‘Underseal’’ Rubbberized Coating, 
Scotch ” Reflective Sheeting, ““Safety-Walk’’ Non-Slip 
W/arnet Surfacing, ‘““3M’’ Abrasives. 
sderson mesives Coatings Div., 411 Piquette Ave., Detroit 2, Mich. 
- of it General Offices, St. Paul 6, Minn. 
§ F E B R tT" =- 
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General Export: DUREX ABRASIVES CorP., New Rochelle, N. Y. +*« In Canada: CANADIAN DUREX ABRASIVES LTD., Brantford, Ontario 


: ‘ 
- SEND COUPON FOR FREE BOOKLET : 
1 ‘ . : 
“3M Adhesives in Industry” 
MM-250 
1 : 
- MINNESOTA MINING & Merc. Co. : 
1 Adhesives & Coatings Division r 
| 411 Piquette Ave. Detroit 2, Michigan ; 
: : 
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HOW THE WROUCHT BRASS 
INDUSTRY CONSERVES METAL 


No industry melting commensurate tonnage* of 
vital metal can quite match the brass mills for conser- 
vation and low melting losses. The savings of metal 
total millions of pounds; clearly the method they use 


is worth noting: 


Virtually all the brass mills in North America use 
the Ajax-Wyatt induction melting furnace, for it has 
the lowest metal losses in the field — less than 1% — 
with superior temperature control and unapproached 


economy of operation on 
such as we have today. 


The accepted melting 
throughout the world. 


* Upwards of 5 billion pounds annually. 


AJAX ELECTRIC 





high production schedules 


tool in brass rolling mills 


FURNACE CORP. 


1108 Frankford Avenue + Philadelphia 25, Pa. 





WYATT 


ASSOCIATE 


CORPORATION, Ajax-Northrup High Froqueacy 
COMPANIES: Ajax ELECTRIC COMPANY, INC., The Ajox-Hultgres Electric Salt 
AJAL ENGINEERING CORPORATION, Ajax-Tome Wyatt Akumnun Melting 


AJAX inpuction MELTING FURNACE 


AJAZ METAL COMPANY, Now-Ferrous lageot Motels ond Alleys fer Fovedry 
— GLECTROTHER MIC 














“TANGENTIAL FIRING” 
The DELAWARE CON- 
TROLLED ATMOSPHERE 
FURNACE features a 
unique tangential firing 
principle. This method of 
heating assures: 


1. Maximum uniformity of tem- 
perature in all parts of the 
muffle. 


2. Accurate temperature control. 


Fast time in reaching operat- 
ing temperatures. 











Range 1200° - 2800° F 


Descriptive 


Literature on Request 
* » a 


DELAWARE TOOL STEEL CORP. 
WILMINGTON, DEL. 

























The promotion of Herbert J. Cooper y 
the position of assistant to the genenj 
manager of the Cooper Alloy Foundry (j 
has been announced. Mr. Cooper forme; 
was engaged in practical research ip 4 
development of centrifugal casting nj 
oxygen injection techniques. 


John E, Harris has been appointed tech. 
nical adviser to the vice president { 
manufacturing of the National Radiator (), 









































United States Rubber Co. has announcedi 
the appointment of Herbert G. Kieswetiy 
as assistant general manager of its Mechani- 
cal Goods Div. He was formerly vice pres. 
dent and assistant general manager of 
United States Rubber Export Co., Ltd. 


Frank H. Bishop has joined Allied 
Products Corp. as assistant to the president, 
Previously he was vice president and gener! 
manager of the Tungsten Mining Corp. 


The American Steel & Wire Co. ha 
named John A. Slenker as manager o 
operations of the Duluth district. He su. 
ceeded L. J. Westhaver, who was appointed 
manager of operations of the Geneva Sted 
Co., another U. S. Steel subsidiary. 


Alvin J. Herzig was elected president of 
the Climax Molybdenum Co. of Michigan, 
the research subsidiary of the Clima 
Molybdenum Co. 





Companies 


A new firm, to be known as Meta 
Research Associates, Inc., has been & 
tablished to supply consulting and researc 
capacity to metallurgical and related indus 
tries. The metallurgical laboratories « 
located at 20005 West Lake Rd. and the 
chemical facilities at 2310 Superior Ave, 
both in Cleveland, Ohio. Those associated } 
with the firm include Dr. George Sachs ; 
formerly department head of the Kaist fit 
Wilhelm Institute for Metals Research " = 
Germany and founder-director of the Labor | 
atory for Mechanical Metallurgy at @* 
Institute of Technology, who will head 
new firm. Dr. Harry Croft, who is © 
sulting part time with the organizatio® 
was previously director of research for tht 
Midwest division of the Chase brass “ 
Copper Co. Lee Wilson, well-knowa * 
founder-chairman of the Lee Wilson Eng 
neering Co., Inc. George Espey, formet!l 
metallurgist of the Lee Wilson Engineetité 
Co., Inc. And C. F. Prutton & Associai® 
who are making available an experienc 
staff and facilities for any chemice! phi 
of research. 








: The purchase of controlling interest ® 
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1 STORY OF ALLOY STEEL BAR MACHINABILITY 


Strength ... toughness .. . hardenability ... MACHINABILITY ... ail 
are important requirements in the material used for these quality socket 
wrench parts. And that’s why they’re made of Republic Cold Drawn 
Alloy Steel Bars. 


In cold drawn bar form, Republic Alloy Steels give you every characteristic 
needed to produce high quality steel parts at lowest possible unit cost 
—close tolerance, accuracy of section, fine surface and UNIFORM 
MACHINABILITY. 


Republic Cold Drawn Alloy Steel Bars are available in all popular 
analyses, in standard shapes and sizes, and furnace treated (annealed, 
normalized, spheroidized, stress relieved or carbon corrected) to your 
requirements. Republic’s veteran metallurgists and machining experts 
are ready to work with you at any time. 


ent of 
higan, 
limax 


Write, wire or phone today. 


REPUBLIC STEEL CORPORATION 
Alloy Steel Division « Massillon, Ohio 


GENERAL OFFICES ° CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, N.Y. 


ALLOY STEEL BARS 


Rep:dli¢ Products include Carbon and Stainless Steels—Sheets, Strip, Plates, Pipe, Bars, Wire, Pig Iron, Bolts and Nuts, Tubing 
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Here’s what can he accomplished 


by designing Specifically for 


The four parts shown were designed specifically for produc- 
tion by powder metallurgy with these resultant benefits: 


1.ECONOMY—by using pressed BRASS powder parts— 
formed to the requi shape—75% was saved in tooling 
costs to produce the finished padlocks. In addition, little 
machining is required. 

2.ACCURACY—consistently held within a 


tolerance of +.002” on critical dimensions, 
assembly is simple, rapid and efficient. 


38.DEPENDABILITY—made from 
BRASS powder, the parts have the 
same corrosion resistance found in 
cast or extruded metals of similar 
composition. 


Sexo for 

FREE COPY a; 
OF WEW BOOKLET 
“Applications 
and Properties 
of Nonferrous Powder Parts” 
PRESENTING: 
1. 14 case histories of cost savings 


2. Properties of the commonly 
used Brass Powders. 





yORst HEAD PRODUC); 


THE NEW JERSEY ZINC COMPANY 


221WN. LaSalle Street, Chicavol, tt 


160 Front Street, New York 7, N.Y 
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STAINLESS ¢ 


STEEL 
FASTENERS 


See Allmetal first. for stock ship- 
ments of stainless machine, set, 
self-tapping, wood screws, nuts, bolts, 
pins, washers, rivets, including Govern- 
ment and “AN” specs. Prompt delivery 
on various types of Phillips Recessed Head 
Screws and specials, too. 


Made right... 
Priced right. . . 
by specialists in stainless! 












WRITE FOR CATALOG 49E 











MANUFACTURERS 


SINCE 


33 GREENE STREET. NEW YORK I13.N. Y. 





1929 
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Reed Metal Crafts, Inc., Chicago, Ij] has 
been announced by Precision Castings Co. 
Inc., Syracuse, N. Y. No change jp the 
Reed Metal Craft organization is contes, 
plated. Affiliation with the Wol: erbampton 
Die Casting Co., Wolverhampton, England 
has also just been announced by Precision 
Castings. 





The Dampney Co. of America, Hyde 
Park, Boston 36, Mass., has announced the 
addition to its product line of Dampney | 
Silicone Coating Aluminum, for weathe. 
exposed service at temperatures to 750 F ; 


Construction of a new adhesive plant x 
New Philadelphia, Ohio has just been com. 
pleted by Ohio Adbesives Corp. 4 


United States Rubber Co., New York 20, 
has* purchased the Chemicals Div. of the 
Glenn L. Martin Co., which includes 
assets of the Division, the Marvinol viny! 
resin plant at Painesville, Ohio, laboraton 
equipment in Baltimore, patents, and the 
trade name Marvinol. The business will be. 
come a part of the Naugatuck Chemial 
Div. of U. S. Rubber. 


The establishment of a new die service 
for the convenience of Cecostamp users has 4 
been announced by the Chambersbur; 
Engineering Co., Chambersburg, Pa. Robert 
L. Stubbs will supervise the new die service 


Distillation Products, Inc., wholly-owned 
subsidiary of Eastman Kodak Co., Rochester 
4, N. Y., has been dissolved as a separate 
corporation and is now a division of the 
parent company. The division will be know 
as Distillation Products Industries, and wil 
continue the same manufacturing 40 
selling activities with no change in pt 
sonnel. 


The acquisition of a 3800-acre tract 0 
land in Falls Township, Pa., for possible 
future use as a site of an Eastern seaboard 
steel mill, has been announced by C# 
negie-Illinois Steel Co., Pittsburgh, Pa. 


Simplification of the corporate structure 
of Air Reduction Co., Inc.) New York Gry, 
has been inaugurated. This change involves 
the liquidation of all the wholly-owot¢ 
domestic subsidiaries of Air Reduction. The 
respective businesses formerly conducted 
the active domestic subsidiaries are °°" 
conducted by corresponding divisions of the 
corporation. Foreign subsidiary compat 


are not involved, and there will be ™ 
change in operating schedules or persono® 
E. I. du Pont de Nemours & Co. (!" 


Wilmington, Del., has listed an addition® 
730 of its patents on the U. S. Patel 
Office Register as available for licensing 
The new listing is expected to appeaf !9 * 
early issue of the Official Gazeile 0 the 
Patent Office. 


. . awarded 
A construction contract has bee award 
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“We defied habit-itis 


and three best sellers 


were Dorn: 


says 


B. R. Prag 
Promotional Mgr. 
The Quaker Cats Co. 






Sales-winning premiums— “ ~ 
Aunt Jemima syrup pitcher, 
Uncle Mose and Aunt Jemima 
salt and pepper shakers, 
Quaker Pitcher Mug— 
designed and molded of 
Monsanto LUSTREX styrene 
by F. & F. Mold & Die Works, 
Dayton, Ohio 





for The Quaker Oats Co. 


MONSANTO 


CHEMICALS » PLASTICS 





SERVING INDUS 


TRY... 
WHICH SERVES MANKIND 





“In the last year we have broken premium sales records 
with these dramatic new premiums, molded of Monsanto 
LUSTREX styrene in the image of our famous trade 
marks.” 


When The Quaker Oats Company by-passed “habit- 
thinking” and investigated the advantages of LUSTREX 
styrene, they found that premiums molded of LUSTREX 
could be designed to their own specific needs. .. could 
be as distinctive as their own trade marks. They found 
materials that are easily molded— produced with fast 
mass production techniques...materials in a wide range 
of lustrous, lasting colors that go all the way through 
and don’t fade or peel or chip... materials with a light- 
weight and toughness that reduce mailing charges and 
breakage losses. Best of all, they learned that consumers 
are pre-sold on Monsanto Plastics, and on products made 
from them. 


Hundreds of manufacturers are finding that the ver- 
satile properties of LUSTREX and other Monsanto 
Plastics make them especially suited to their products 
—whether they may be premiums of normally distributed 
consumer goods, or industrial applications. 


Perhaps in looking over your products you'll find ways 
to improve them—and ways to produce them at lower 
cost—with plastics. You’ll want to investigate the re- 
markable properties of the many plastics in Monsanto’s 
broad line. The coupon is for your convenience. 


MONSANTO CHEMICAL COMPANY ° 
Plastics Division, Dept MMP 26, Springfield 2, Ma a 
Please send me “‘What Monsanto Plastics Can Do For You . 
Name _ Title . 





Company 
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THE JACO PROJECTION 
COMPARATOR MICROPHOTOMETER 
for 
SPEED AND ACCURACY 
IN QUANTITATIVE 
SPECTROCHEMICAL ANALYSIS 


ENGINEERS 
COMPANIES 
SOCIETIES 


to F. H. McGraw & Co., 
for a mill modernization program now 
underway at Thomas Steel Co.’s Warren, 


New York 17, 


TOOL and DIE 
USERS! 


pangh°! 


BD pydro- Fie Finish 





Ohio plant. Completion of the project is | 


expected in May. 


Societies and Schools 


James C. Zeder, chairman of the Engi- 
neering Board of Chrysler Corp., was elected 


president of the Society of Automotive | 


Engimeers for 1950. 


The American Ceramic Society will 
present its 1950 Albert Victor Bleininger 
Award to Stuart M. Phelps at a dinner in 
his honor on Mar. 10. The Award is con- 
ferred for distinguished achievement in the 
field of ceramics. Mr. Phelps is Senior 
Fellow, Mellon Institute, and director of 
research and tests for the American Refrac- 
tories Institute. 


C. Donald Dallas, chairman of the board 
of Revere Copper & Brass, Inc., 
Southwest Research Institute. 


The Society of the Plastics Industry, Inc. 
now has available a motion picture film, 


has ac- | 
cepted an appointment as a trustee of the 


You... 


It improves 

surface fin- 

ish, removes 

oxide scale, in- 

creases tool and die life through 
proper maintenance. Hydro-Finish is 
the new versatile impact blasting 
process that uses a fine mesh abrasive 
suspended in water and holds toler- 
ances to .0001 inches. 


In the Tool Room, Hydro-Finish 
simplifies the manufacture and main- 
tenance of tools, dies and molds. It 
reduces usual costly handwork and 
produces a surface virtually free from 
directional grinding lines. 


In the Production Line, Hydro-Fin- 
ish eliminates many tedious finishing 
operations. It reduces cost and time 


H 


No longer must the practical 
spectrographer suspend his mea- 
surement of line densities while 
another worker is operating the 
spark in the immediate vicinity. 
By careful engineering, Jarrell- 
Ash has eliminated completely 
this source of annoyance to the 
spectrographer concerned with 
keeping his laboratory in step 
with production. This is only one 
of the many distinct advantages 
of this unusually flexible instru- 
ment. The coupon below will 
bring you complete specifications 
promptly. 


involved in buffing. It improves fa- 
tigue life of the metal parts it finishes. 
It cuts many manufacturing costs. 


entitled “The Scientific Approach to Bet- | 
ter Plastics’, which depicts the plastics 
research project in operation at the Massa- 
chusetts .Institute of Technology. Prints of 
this 20-min., 16-mm. sound and color film 
are available free of charge to educational 
institutions of the advanced high school and 
college level, as well as any industrial 
organization by application to the Society | 
of the Plastics Industry, Inc., 295 Madison 
Ave., New York 17. 


The Dept. of Welding Engineering at 
the Ohio State University has announced 
completion of a new Patent Classification 
Index in the A. F. Davis Welding Library, | 
designed to make information on more than 
12,000 U. S. patents on welding more 
easily available. The use of the Index is 
offered to industrial organizations, individu- 
als and educational institutions. Services are 
free of charge to those who make use of 
the Index in person, but a slight charge — 
will be made for inquiries handled by mail. 


Detroit, Mich. has been selected for the 
second “Conference on Electric Welding”, 
to be held on Apr. 5-7, 1950. Sponsored 
by the American Institute of Electrical | 
Engineers in cooperation with the American | 
Welding Society and the Industrial Elec- 
trical Engineers Society of Detroit, the | 
program will be designed to carry on the | 
discussions and report on further progress | 
in electric welding fields since the first 
conference in Detroit in 1948. 


It can be used for surface finish- 
ing, lubrication control, removing 
discoloration, preparing surfaces for 
plating, finishing threaded sections, 
plus many other uses. 


Find out today how Hydro-Fin- 
ish can help you. 
Write for Bulletin 1400 to 
PANGBORN CORPORATION, [| 
1203 Pangborn Blvd., 
Hagerstown, Md. 








PANGBORNITE 
The best abra- 
sive forall liquid 
blasting needs. 
Available in many mesh sizes. 


Om, 


Serer: 4 


— i 


“If it’s an optical instrument, 
think of JARRELL-ASH!” 


JARRELL-ASH COMPANY 




















Look to Pangborn for all the latest 
developments in Blast Cleaning 
and Dust Control Equipment. 


Pangqborn 


BLAST CLEANS CHEAPE 
with the right equipr 
for every 


| 
| Jarrell-Ash Company, 
| 165 Newbury Street, 


| 
| Boston 16, Mass. | 
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JACQ PROJECTION COMPARATOR ee 


PHOTOMETER, described 


Organization 


Address 








"7 
I 
| | 
I | 
I | 
in catalogue 1-5 cy 
| 
l 
——— | 
| 
| 
| 














MATERIALS & MET! 





ne 
eS 
ts, 


sh- 


ng 
for 
ns, 


in- 





TO PLAN 
,. TOOLROOM HEAT TREATING DEPARTMENT 








YOUR 


Published to assist those planning new or expanded heat treating depart- 
ments, It’s yours for the asking. 

Material contained in this 24 page booklet, prepared by the Lindberg 
Engineering Company, is based upon years of experience in helping 
design hundreds of toolrooms . . . plus additional information gained 
from the 24-hour-a-day operating experiences of the toolroom heat 
treating department of the Lindberg Steel Treating Company, the 
world’s largest. 

It helps arrive at total costs in advance * Shows recommended de- 
partment layouts * Tells how to select furnaces of proper size * Gives 
prices of auxiliary equipment such as tongs, quench tanks, straightening 
presses, hardness testers, work benches, etc. * Contains loose template 
pages of furnaces, quench tanks, etc. and graph paper . . . a few seconds 
of scissor work shows you how your department will look. 

To get your copy write or call your nearest Lindberg Engineering 
Company office or the Lindberg home office at 2451 West Hubbard 
Street, Chicago 12, Illinois. 


















C/NWDBERG 


FEBRUARY, 1950 


Other helps for Heat Treaters. ‘‘Heat Treating Hints’’—a publication covering the practical side of 
heat treating with strictly ‘‘how to do it’’ articles. Available on request. 

**Heat Treating Hints’’, two movies, (color and sound) bring to the screen practical articles from the 
printed ‘‘Heat Treating Hints’’. Ideal for technical associations, plant showings, schools. Write for Bookings. 
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AMAZINGLY 
EASY TO USE 


for 


Tensile, 
Compression, 
Transverse 
Tests 


Model MP-10 UNIVERSAL 
TESTING MACHINE 


A compact, motorized, hydrauli- 
cally operated machine furnished 
in Capacities upto 100,000 pounds. 
So constructed that “true axial 
pull” is imposed on the specimen 
without any side loads. This is 
accomplished by placing the hy- 
draulic cylinder at the top of the 
machine rather than in the base— 
an exclusive STEEL CITY feature. 
Comes complete with pulling jaws, 
compression plates, two easy-to- 
read maximum indicating gauges 
and wiring to customer’s specifica- 
tions. Write for descriptive bulletin. 


SEND US YOUR TESTING PROBLEM 


We can supply or develop the 
machine you need. Full line of 
Brinell hardness, ductility, tensile, 
transverse, compression, and hy- 
drostatic machines. Send us details 
of problems. 


LA 
TestingMachinesne 


8833 Livernois ¢ Detroit 4, Mich. 
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Meetings and Expositions 


AMERICAN SOCIETY FOR TESTING 
MATERIALS, committee week and 
spring meeting. Pittsburgh, Pa. 
Feb. 27-Mar. 3, 1950. 

INSTITUTE OF RADIO ENGINEERS, 
national convention. New York, 
N. Y. Mar. 6-9, 1950. 

SOCIETY OF AUTOMOTIVE ENGI- 
NEERS, passenger car, body and 
production meeting. Detroit, Mich. 
Mar. 14-16, 1950. 

STEEL FOUNDERS’ SOCIETY OF 
AMERICA, annual meeting. Chi- 
cago, Ill. Mar. 21-22, 1950. 

INSTITUTE OF THE AERONAUTICAL 
SCIENCES, flight propulsion meet- 
ing. Cleveland, Ohio. Mar. 24, 
1950. 

AMERICAN CHEMICAL SOCIETY, na- 
tional meeting. Houston, Tex. 
Mar. 26-30, 1950. 

SOCIETY OF THE PLASTICS INDUS- 
TRY, national meeting. Chicago, 
Ill. Mar. 28-31, 1950. 

ASSOCIATION OF IRON & STEEL 
ENGINEERS, spring meeting. Bir- 
mingham, Ala. Apr. 3-4, 1950. 

NATIONAL ASSOCIATION OF COR- 
ROSION ENGINEERS, annual con- 
ference and exhibition. St. Louis, 
Mo. Apr. 4-7, 1950. 

CHICAGO TECHNICAL SOCIETIES 
COUNCIL, annual conference and 
production show. Chicago, Ill. Apr. 
4-8, 1950. 


' MIDWEST POWER CONFERENCE. 


Chicago, Ill. Apr. 5-7, 1950. 

AMERICAN INSTITUTE OF MINING 
& METALLURGICAL ENGINEERS, 
Open Hearth conference and Blast 
Furnace, Coke Oven and Raw 
Materials conference. Cincinnati, 
Ohio. Apr. 10-12, 1950. 

AMERICAN SOCIETY OF TOOL EN- 
GINEERS, annual meeting. Phila- 
delphia, Pa. Apr. 10-14, 1950. 

AMERICAN SOCIETY OF MECHANI- 
CAL ENGINEERS, spring meeting. 
Washington, D. C. Apr. 12-14, 
1950. 

SOCIETY OF AUTOMOTIVE ENGI- 
NEERS, aeronautic and air trans- 
port meeting. New York, N. Y. 
Apr. 17-19, 1950. 

AMERICAN SOCIETY OF CIVIL EN- 
GINEERS, spring meeting. Los An- 
geles, Calif. Apr. 19-21, 1950. 

ELECTROCHEMICAL SOCIETY, spring 
meeting. Cleveland, Ohio. Apr. 
19-22, 1950. 

AMERICAN CERAMIC SOCIETY, an- 
nual meeting. New York, N. Y. 
Apr. 24-26, 1950. 

AMERICAN SOCIETY OF MECHANI- 
CAL ENGINEERS, Process ~ Indus- 
tries Div. conference. Pittsburgh, 
Pa. Apr. 24-26, 1950. 

AMERICAN MANAGEMENT ASSOCIA- 
TION, annual packaging exposi- 
tion. Chicago, Ill. Apr. 24-27, 
1950. 

METAL POWDER ASSOCIATION, an- 
nual meeting and exhibit. Detroit, 
Mich. Apr. 25-26, 1950. 




















GRAPHITE METALLIZING 


CORPORATION 


1010 NEPPERHAN AVENUE, YONKERS 3, NEW YOR 
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Pont quess- 


the difference between being “just right’ 
and “just about right’ in selecting tubing 


can make or break a job for you. 


ITH competition getting stiffer every day, the task of 
wen materials engineer becomes inc reasingly impor- 
nt and more difficult. For as the margin of profit shrinks 
maller and smaller, it becomes more and more necessary 
at the materials you select for a job will fit requirements 
ight on the nose. If not, your costs will be out of line or 
our finished product won’t measure up in service. 

That’s why, whenever possible, it is just good common 
sense to back up your judgment with the expert advice of 
specialists. [his we are prepared to give you. 

There are three reasons why we at Nationa Tube be- 

ve we can really help you obtain better results from 
tubing applications—why it will pay you to put your tubing 
problems up to us. 

In the first place, Nationat Tube has spent more than 
sixty years and millions of dollars in the development of 
seamless pipe and tubing. Secondly, NATIONAL Tube offers 
not just one or two grades of steel, but produces seamless 
tubing in a complete range of steel analyses—from low 
carbon to the finest alloy and stainless steel . . . and in the 
widest range of sizes and wall thicknesses for both me- 
chanical and pressure purposes. 

Finally, and this is important, we never lose sight of the 
lact that every application of tubing is an individual prob- 
lem in material selection, and must be treated as such. Our 
recommendations, therefore, are based solely on the par- 
ticular and special requirements your service involves. In 
other words, cve > help fit the tubing to the job, not the job 
to the tubing. 

lf you want that kind of approach to your tubing prob- 
lems, bring them to us. 


NATIONAL TUBE COMPANY, PITTSBURGH, PA. 
(Tubing Specialties Division) 
COLUMBIA STEEL COMPANY, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 
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The Stalwart Rubber Company 
rubber 


to meet your individual specifi- 


ai Mi ieleldiaeli- MPT liaelal- 


—_L. 


toh itolal Mmm stele -teaMe-Jalellal-t-lalale 


facilities and unerring produc- 
tion methods assure precision : 
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STALWART 
RUBBER COMPANY 


Ale NORTHFIELD ROAD : 
BEDFORD, OHIO 
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BOOK REVIEWS 


aterials Engineering 


MATERIALS ENGINEERING OF METAL 
Propucts. By Norman E, W oldman. Pub- 
lished by Reinhold Publishing Corp., New 
York, 1949. Cloth, 64% by 914 im., 583 
pages. Price $10.00. 


The purpose of this. volume is to help 
the materials engineer select the type of 
metal or alloy which is best able to meet 
a given set of service conditions. As such it 
will be welcomed especially by writers of 
materials specifications, industrial designers, 
metallurgical engineers and mechanical en- 
gineers. 

The book is divided into five major 
sections. They are: (1) Materials for Light- 
Weight Construction, which includes chap- 
ters on Material for Light-Weight Con- 
struction, Aluminum Alloys, Magnesium 
Alloys, High Strength-Low Alloy Steels 
and Stainless Steel; (2) Materials for Me- 
chanical Products, which includes Gear 
Materials, Spring Materials, Bearing Ma- 
terials and Threaded Fasteners; (3) Ma- 
terials for the Electrical Industries, covering 
Magnetic Materials, Electrical Contacts, 
Thermostat Metals and Electrical Resist- 
ance Alloys; (4) Materials for Special and 
Severe Service, which discusses Corrosion 
and Its Prevention, Highly Corrosion-Re- 
sistant Materials and High-Temperature 
Materials; and (5) Testing, which covers 
Mechanical Testing and Non-Destructive 
Testing and Inspecting. 

The advantages and limitations of the 
various metals and alloys in specific service 
applications are clearly presented in this 
text. In addition, the author has included 
numerous tables of data on the physical 
and mechanical properties of these materials, 
along with informative illustrations. 


Metal Physics 


PROGRESS IN METAL PHYSICS. VOLUME I. 
By Bruce Chalmers. Published by Inter- 
science Publishers, Inc., New York 3, N. Y., 
1949. Cloth, 64% by 9% im., 401 pages. 
Price $9.50. 


The growth of specialization in research 
has made it difficult sometimes for metal- 
lurgists and metallurgical engineers to keep 
up with the rapid advance in knowledge 
in more than one or two phases of metal 
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STRIP SPRING 
MADE TO 
YOUR ORDER 





Beryllium Copper parts 
in strip form save 
assembly line time. 


3s Instrument Specialties springs or 
parts are made of laboratory-controlled 
beryllium copper, on specially designed 
machines. The parts are produced in 
continuous strips with score marks be- 
tween each part. At the assembly line 
the individual parts are easily separated 
Sorting 


with dispenser or fingertips. 


and untangling are eliminated; costs 
of inspection, plating, tinning, riveting 


assembling, etc, are reduced, 


3g Strip Springs are produced in lengths 
up to 16 inches, with the thickness rang- 
ing from .003 to .0285 inches. The hect 
treatments employed eliminate “spring 
back” variations so formed angles moy 
be held to a tolerance 

of one degree. 





INSTRUMENT SPECIALTIES 
COMPANY, ING, 


224 BERGEN BOULEVARD 
LITTLE FALLS, NEW JERSEY 
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‘HODBBEBRUARY, 











Because of its excellent resistance 
to corrosion and wear, Crucible 
Stainless Steel is finding increasing 
application in the metal-finishing 
and metal-products industries. 


CRUCIBLE 


hot and cold rolled 





HIGH SPEED «+ TOOL + ALLOY 


1950 


let’s get down to earth! 


Many users of stainless steel speak so glowingly of it that 
it would seem that there is nothing stainless can’t do. 
Stainless steel is more than one kind of specialty steel... 


it is a complete series of steels for many uses. 


Unless the right stainless analysis is selected, it won’t 
do a good job. Crucible, a pioneer in the development of 
stainless steels, offers you the services of an unsurpassed 
staff of metallurgists to help you work out your stainless 


application problem. 


These engineers and metallurgists are freely available 
to you. One word from you puts a background of 50 years 
of specialty steel leadership at your service. CRUCIBLE 
STEEL COMPANY OF AMERICA, Chrysler Building, 
New York 17, N. Y. 


first name in special purpose steels 


STAINLESS SHEET AND STRIP 


* MACHINERY «© SPECIAL PURPOSE + STEELS 
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If you are a design engin- 
eer seeking success with 
steel components, you 
will find help towards 
your goal on every page 
of this 72 page booklet. 
Write now for “3 Keys to 
Satisfaction” —it is valu- 


able and it is free. 


Climax Molybdenum Company 


New York City 





Please send your & 
FREE BOOKLET @ 
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Book Reviews 


(continued) 


physics. It is just such a group at which 
this new text is primarily aimed, although 
it should be of rather general interest to 
those having technical metallurgical educa- 
tions and desiring to bring them up-to-date. 

In the words of the author, “it is the 
purpose of this volume, which is to be the 
first of an annual series, to present authori- 
tative reviews of the present state of knowl- 
edge in specialized aspects of the field that 
includes both physical metallurgy and metal 
physics.” 

Chalmers does not intend that any one 
volume should form a complete textbook 
on these subjects but, rather, that a few 
subjects of current interest shall be dis- 
cussed rather fully; in the course of several 
years, “all the more important aspects in 
which progress is being made” would be 
covered. To this end, the first volume of 
the projected series contains seven compre- 
hensive articles as follows: Progress in the 
Theory of Alloys, by G. V. Raynor; Theory 
of Dislocations, by A. H. Cottrell; Crystal 
Boundaries, by R. King and B. Chalmers; 
Age Hardening of Metals, by G. C. Smith; 
Hardening Response of Steels, by E. H. 
Bucknall and W. Steven; Preferred Orien- 
tation in Nonferrous Metals, by T. U. 
Richards; and Diffusion of Metals in Metals, 
by A. D. le Claire. 

As would be expected, much pertinent 
historical background is included in these 
critical reviews with a view toward making 
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If your product or design calls 


many cost-minded manufacturers do. 
GRC’'s exclusive production facilities. turn- out simple or intricate parts 
ene automatic operation— completely trimmed, 


pieces to many millions. 
products, 
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Write Today for Bulletin and Samples 
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and substantial savings in many instances 
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the series self-contained; according to 
author, subsequent articles on the sin, 
subjects will generally cover only the more 
recent progress. Extensive bibliographies ,. 
company each article. 

Although it is impossible to indicate here 
the true scope of this volume, a few Spe 
cific subjects which are currently of mug 
interest can be listed. These are: est: tblishing 
the effect of alloy additions upon lati 
spacings; origin of dislocations; intercrysy. 
line corrosion; lattice defect theory of agi 
in aluminum-copper alloys; attempts t 
systematize hardenability data; and 4yj, 
sotropy in annealed nonferrous metals, 
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Other New Books 


Review or Current Researcu anv Directory » 
Memeer Instirutions. Edited by John I, Maui 
and John P. Weber. Published by Engincering Cy. 
lege Research Council of American Society for fy 
gineering Education, lowa City, Iowa, 1949. Pasa 
6 by 9 in., 186 pages. Price $1.75. Lists over 40 
current college and university engineering resez 
projects representing expenditures of over 35 milli 
dollars. Describes research at 82 educational ;; 

tutions. Research projects are indexed. 






Cross Inpex or Bar Stock SpreciFications. Py). 


lished by the National Screw Machine Product 

4ssn., Cleveland 20, Ohio, 1949. Price $1. 

mittance with order. A correlation of bar ; ema 

pecification numbers of the following grou A 
Automotive Engineer Army & Navy 65 

nautical Specification, Army, National Emer; line 

Federal, American Iron & Steel Institute, Aer 

tics Div. of the Society of Auto-Engineers, N PC e 

and American Society of Testing Materials, bict 







Gries, as s¢ 
Quickly and at amazing low prices, 
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ready for use. 100,00 
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